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Operational data from progressive water plants the country 


over are confirming what research pioneered by W&T disclosed 


— that free available chlorine residuals can eliminate al] gas ™ 
forming bacteria — that uniformly negative presumptive tests sit 
can be forecast month after month. This “peace of mind” protec- (3) 
tion throughout the system is an achievement of Break-Point (4) 
Chlorination. For details of the experiences of others and prac- | af 
tical suggestions on the role of free available chlorine residuals oe 
in your plant — your wae & Tiernan Representative. i 
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The Only Safe Water is a Sterilized Water” 
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HIS account covers four principal 

items: (1) the rapid loss of hy- 
draulic capacity of a 34-mi. supply line 
because of the growth of Crenothrix ; 
(2) the treatment of the well water 
with doses of chlorine sufficient to pre- 
vent further growth of Crenothrix; 
(3) the special methods developed for 
restoring the capacity of the line; and 
(4) the use of mobile radio equipment 
to expedite the cleaning operations. 

Wichita constructed and placed. in 
operation, in September 1940, a com- 
plete new water supply system, com- 
prising 25 wells located in Harvey 
County; 34 mi. of cement-lined, cen- 
trifugal cast-iron pipe, varying in size 
from 14 to 48 in.; a water treatment 
and filtration plant in Wichita; and a 
4-mil.gal. reservoir. The system also 
includes auxiliary structures such as 
power lines and communication and 
control circuits. 

The nominal designed capacity of 
the entire works is 30 mgd. The wells 
are directly controlled from a central 


INC. 
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Restoring Pipeline Capacity at Wichita, Kansas 
By M. E. Rogers 


Former Asst. Director of Service and Engr. of Water Supply, Wichita, Kan. 
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control station located in the well field 
and remotely supervised and controlled 
from the filtration plant in Wichita. 
Each well discharges into a 14-in. | 
header, which in turn delivers into the _ 
principal transmission line, varying in | 


48 in. at the lower end of the well field, 
and on into Wichita. 

When the permanent supply wells” 
were drilled in 1939 they were found | 
to contain a considerable amount of — 
iron which, it was felt, would produce © 
undesirable effects in the distribution | 
system. It was necessary, therefore, 
to construct a 30-mgd. filter plant to © 
remove the objectionable iron as well | 
as small amounts of manganese. In 
addition to removing iron, the plant — 
is capable of further softening the > 
water, resulting in a finished water 
having very desirable characteristics of | 
softness, taste and appearance. = 

As originally designed and con-— 
structed, the Wichita system was con- 
sidered adequate to serve the normal | - 
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Fic. 1. Profile of Pipeline—Chaining in 100-ft. Sections Wi 
q 
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population growth of the city up to duction of about one-third in less than (Ch 
200,000 persons, which, it was esti- three years of service. inc 
mated, would be reached by the year It had been observed during periods pe 
1960. Because of the large concen- of sudden increase in flow or at timesB 4 ¢ 
tration of war industries in the city, of surges within the line that vast quan- 
the water supply facilities were called _ tities of a reddish substance in suspen- 
upon for maximum production soon — sion were flushed out of the line and We 
after being placed in service. For ex- deposited in the settling basins and onf p,, 
ample, the annual consumption of water the sand filters. This material was Cat 
in 1940 was about 3,800 mil.gal. Dur- known to consist primarily of iron-— Une 


ing 1944 the annual consumption ap- depositing bacteria. At first this bac- “7 

proached 6,900 mil.gal., with peak days terial growth was studied only as a 

of 26.1 mil.gal. These peaks were curiosity and pilot plant tests were P 
on 


held down considerably by restrictions made to determine the requirements 
placed on the use of water for lawn for its life processes and methods of T 
sprinkling and by the fact that it was controlling its growth, since ample reca 
impossible under wartime manpower capacity was available over and abovef groy 
and material restrictions to serve ade- the requirements then current. ing 
quately the new housing developments. These iron-depositing bacteria, thef with 
ae most common type of which is Creno-— Whe 
Loss of Transmission Line Capacity thrix, were found to flourish in thef othe 
3etween 1940 and the summer of absence of light and oxygen, and tof cases 
1942, the carrying capacity of the 42- require iron in solution with carbonf flush 
_ and 48-in. transmission mains had very — dioxide for survival. orga: 
_ materially decreased. By June 1943, In June 1942 the interior of the 48) ing 
the capacity had dropped from an_ in. main was inspected and observa-— pumy 
initial 30 to a low of 20.4 mgd.—a re- tions made indicated that the bacteriaf not d 
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had attached themselves to re cement 
lining of the pipe to a depth of 2 to 4 in. 
The actual thickness of the deposit 
could not account for the tremendous 
loss in carrying capacity. However, 
the loss in effective area, coupled with 
the exaggerated, rippled surface con- 
tour of the deposit, which caused great 
local turbulence about the periphery, 
seemed to account for the loss in ca- 
pacity. 

In appearance and composition, this 
accumulation may be described as a 
slime, consisting of iron oxide de- 
posited by the dead bacteria which 
were held together by a matrix of live 
thread-like organisms. The deposit 
was brick-red in color and could easily 
be wiped off the seal-coated cement 
lining of the pipe with the hand. 
Chemical analyses of the fresh deposit 
indicated that it contained about 93.5 
per cent of water. Further analyses on 
a dry basis gave the following results: 


% 
Insoluble matter, including SiO ...... 0.2 
Unaccounted for (probably water of 
100.0 


Control of Bacterial Slimes 

There are very few instances on 
record in which the character of the 
growth which restricted the pipe carry- 
ing capacity was identical in nature 
with that in the Wichita system. 
Where similar growths occurred in 
other systems there was, in many 
cases, sufficient pressure available to 
flush out the lines and dislodge the 
organisms by raising the flow to scour- 
ing velocities. In Wichita the well 
pumps at the upper end of the line are 
not designed to furnish pressures above 


that necessary to supply maximum de- 
mands under approximate gravity flow 
conditions. It was not practical to 
flush the main for control and removal 
of the organisms. 

Chemical means seemed to be the 
proper method of attack, and various 
technics to achieve this purpose were 
studied. It seemed obvious that if the 
source of food could be taken away 
from the organism it could not exist; 
therefore, a search was instituted for 
a method of removing the iron and/or 
the carbon dioxide from the water be- 
fore it entered the supply main. One 
effective and simple means would be 
the use of a treatment plant such as is 
now installed at the lower end of the 
pipeline in Wichita. But, since the 
Wichita system contains 25 widely 
scattered wells, it would be a financial 
impossibility, to say the least, to pro- 
vide 25 separate treatment units at 
wells. Also, where chemical precipi- 
tation and neutralization methods are 
employed, there remain precipitates to — 
be disposed of, as it is not desirable to 
allow these precipitates to deposit and 
accumulate in the transmission line. 

Gaseous chlorine can be used to kill — 
practically all forms of bacteria nd 
plant life if it can be applied in suf-— 
ficiently heavy doses and over con- | 
tinued periods of time. With this in 
mind, closely controlled dosages of — 
chlorine were fed into the pilot plant 
setups to determine the minimum dos- | 
ages that would inhibit the growth of 
the bacteria. From the results of these 
tests, it became evident that a dosage 
in excess of 1 ppm. of chlorine i 
not only prevent the growth from de- | 
veloping but would tend to oxidize and 
burn out the organic material in _. 
accumulated deposit, causing it 
shrink in thickness and possibly to 
slough. 


440 

420 

[380 

(360 

1340 

1320 

1300 

1280 

1260 

han 

iods 

mes 

and 


About the beginning of 1943, the ap- 
plication of chlorine to the well dis- 
_ charge lines was begun on an experi- 
- mental basis on those wells containing 
- the greatest amounts of iron. 
Although the first methods of chlo- 
rine feed and its control were crude 
and erratic, we were encouraged by the 
~ fact that during the period from July 
—1942 to July 1943 the hydraulic co- 
efficient (Hazen-Williams formula) 
for the 48-in. line had risen from 83 to 
86. This indicated that, although at- 
- tempts to remove the accumulation in 


Cleaning Machine, Showing Special 
Features of Construction 


2; 


the line were unsuccessful, its further 
development had been inhibited. Dur- 
ing June 1943, a commercial chlorin- 
ator was leased from another city and 
installed. Although manually oper- 
ated to discharge into the transmission 
line under pressure, it provided a means 
of feeding higher dosages of chlorine 
and proved to be a more reliable form 
of administering doses. This method 
of operation was continued until Feb- 
ruary 1944, when additional equipment 
was secured and heavy dosages of chlo- 
rine were applied in an attempt to dis- 
lodge some of the accumulation. Dur- 
ing this time, continuous gradual im- 
provement in line carrying capacities 
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was noted, but the amount of recovery 
was not sufficient to meet the require- 
ments during the summer of 1944. 

A permanent chlorinating building, 
with facilities for handling chlorine in 
ton containers and capable of injecting 
up to 1,000 Ib. per 24 hours against 
pipeline pressures, was placed in sery- 
ice in July 1944. Since that time a 
uniform rate of feed of about 3 ppm. 
of chlorine has been maintained. The 
rate of feed at the upper end of the 
pipe carries through the line and leaves 
a residual of between 0.4 and 0.5 ppm. 


Fic. 3. Machine Installed in Nipple, Look- 
ing Toward Forward End of Machine 


At the plant, just ahead of the filters, 
ammonia is introduced to convert the 
remaining free chlorine to chloramines. 

The chlorinating equipment as 
permanently installed was specially de- 
signed to inject the solution against 
varying pipeline pressures. This was 
accomplished by taking the solution 
discharge from a standard chlorinator 
and applying it to the suction side of a 
hard rubber centrifugal pump whose ca- 
pacity was sufficient to inject the maxt- 
mum solution output of the chlorinator 
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against maximum main pressures. 
When operating under conditions be- 
low maximum output, the additional 
solution requirements of the pump are 


Alth 
chanics 
years, 
ence w; 


| 


made up from a clear water sump, 
whose water level is float controlled. 
This feature allows the chlorinator to 
discharge under constant conditions 
and eliminates the radical effect of 
fluctuating main pressures usually en- 
countered. Ton containers are 
nected in parallel on duplicate dial 
scales, reading up to 2,000 Ib. of chlo- 
rine directly, the weight of cylinder 
having previously been set off on the 
tare beam. No computations are nec- 
essary to determine the amount fed 
during any previous period. 


con- 


Fic. 4. 


Rear of Machine Installed in Pipe 
Nipple 


Removal of Pipeline Deposit 


It is apparent that, although a sub- 
stantial and continuous gain in pipe- 
line carrying capacity had been accom- 
plished during the period since the be- 
ginning of chlorine application, the 
process was too slow to provide ade- 
quate water supply during the peak 
summer months for the next 
years. Mechanical cleaning of the line 
to remove the accumulated deposits 
Was necessary to restore the line and 
system to its full productive capacity. 

Although cleaning pipelines by me- 
chanical means has been practiced for 
years, very little information or experi- 
ence was available on cast-iron, cement- 


several 
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lined, seal-coated pipe. Generally the 
need for cleaning occurs on lines which 
are not protected on the interior against 
corrosion and the principal restriction 
occurs either in the form of tubercula- 
tion or of calcium carbonate 
where unstablized lime-treated water is 
conveyed by the system. The usual 
types of cleaning machines would be 
too rough on the cement lining. There- 
fore a special design was required to 
protect the cement lining. 

A further complication was intro- 
duced by the fact that there existed re- 


scale 


Fic. 5. 
Much of Slime Growth Has Been Removed 
by Local Surging of Water During Shut- 
down Operations 


Nipple Removed From Pipeline 


strictions at intervals along the pipeline 
in the form of cone-type isolating 
valves. At these valves the 48-in. line 
is reduced to 30-in. diameter by stand- 
ard eccentric reducer fittings before 
and after the valve, and the valve itself 
has a nominal 30-in. diameter port 
(Fig. 1). 

A functional specification was pre- 
pared on the basis that the successful 
bidder design and furnish cleaning 
equipment, as well as supervision, and 
with the prime requisite that the ma- 
chine be able to negotiate the restric- 
tions offered by the isolating valves 
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718 
and that the cement lining be protected. 
The successful bidder: was to furnish 
bond against damage to the line and 
covering successful performance of the 
work and to guarantee to restore the 
carrying capacity of the 42- and 48-in. 
lines to a minimum Hazen-Williams 
coefficient of 130 overall. 

The cleaning equipment contract was 
awarded to the National Water Main 
Cleaning Co. in October 1944 (Figs. 
2, 3,4 and 5). Difficulties in securing 
equipment and materials for cutting 
into the line delayed construction until 
March 1945. 


Cleaning the 42- and 48-in. Lines 


The contractor devised and 
structed a novel type cleaning machine 
consisting of a circular piston formed 
of laminated steel leaves, overlapping 
so that they could successfully expand 
and contract as the pipe diameter 
varied in traversing the valves and 
bends. This piston was followed by a 
double ring of wiper arms supported 
near the center on hinges. That part 
of the wiper in contact with the pipe 
wall consisted of a #,-in. rod about 5 
in. long and bent to conform to the ex- 
act circumference of the pipe through- 
out its area of contact. These wiper 
elements looked very much like the 
handle on a “baled hay hook”’ and were 
installed at a slight transverse angle 
so that they would nest with each other 
on being compressed and also would 
approach minor obstructions, such as 
joints, at a slight angle, thus eliminat- 
ing chatter and the tendency to catch 
or chip the lining. Both the leaves on 
the driving piston and the individual 
arms supporting the wipers were spring 
loaded in such a manner that uniform 
pressure was exerted throughout the 
pipe circumference, regardless of the 
internal diameter. The final adjust- 


con- 


WATER WORKS ASSOCIATION Vol. 37 


ments of spring tension were made in 
the field when the machine was inserted 
into the line. 

At the point of entry and exit of the 
machine a 6 ft. 6-in. nipple was cut 
into the line and Dresser-type coup. 
lings were used to effect line closures 
both temporarily and permanently, 
The cuts into the line were made by 
an A. P. Smith, air-driven cutting ma- 
chine which proved to be a great saver 
in manpower and reduced the time of 
system shut-down to the absolute mini- 
mum during the operations (Fig. 6). 
At the lower end of the 48-in. line a 
16-in. blowoff and valve in a concrete 
pit were permanently installed with a 
30-in. discharge into an existing 48-in, 
drain line leading into the Big Ar. 
kansas River some 800 ft. distant. 

When cleaning was started, the pipe- 
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line was shut down and the adjacent 
section of pipe was dewatered from the 
plant end in Wichita. The Dresser 
couplings were removed and the pipe 
nipple lifted out, the machine pulled 
into the nipple by means of a winch 
line, the machine and nipple lowered 
back in place, the couplings replaced 
and bolted up. Then water pressure 
was built up in the line behind the 
machine. 

So that continuous 
operations might be had with the mini- 
mum of lost time and the maximum oi 
safety, two-way radio communication 
was installed. The representative 
the contractor followed the machine in 
the pipeline and, by means of a “handie 
talkie,’ maintained continuous contatt 
with the city’s representative who was 


control over 


stationed near the center of operations 
with another “‘handie-talkie.” A two- 
way radio-equipped truck followed the 
city’s representative. In cleaning the 
42-in. line, a second radio-equippe 
truck was located near the upper cot- 
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trol valve at Station 299 (see Fig. 7) 
to regulate the amount of water flow- 
ing through the 42-in. line and thus 
the speed of travel of the pipe-cleaning 
machine. In this case the lower end of 
the 42-in. line was left open and the 
48-in. line below that point was valved 
off so that all wasted water and scrap- 
ings from the pipe walls were dis- 
charged into a tight sheeted pit and 
carried away by local surface drainage. 
A bulkhead was installed in the ex- 
cavation, so as not to impede the flow 
of water leaving the pipe at this point 
but to stop effectively the cleaning 
machine and prevent its coming out 
into the opening. Such an occurrence 
would cause a tremendous and sudden 
drop in pressure in the line upstream 
and possible damage to the line due to 
the vacuum created. 

In cleaning the 48-in. line, the pro- 
cedures were very similar to those em- 
ployed on the 42-in. line, with the ex- 
ception that the flow through the line 
was controlled from intermittent blow- 
offs at various points along the line be- 
low the cleaning machine and at the 
plant at the lower end of the line. The 
radios were used, as before, with the 
exception that one radio car was sta- 
tioned at the blowoff immediately be- 
low the section being traversed by the 
cleaning machine. The city’s repre- 
sentative with the “handie-talkie” and 
the other radio-equipped truck were 
stationed nearby on the public road. 
Also carried was a telephone set which 
was connected into the land line com- 
munication circuits to maintain instant 
contact with the filter plant in Wichita 
and also to control the operation of 
the well pumps at the upper end of the 
line. 

The detailed procedure was as fol- 
lows: The system was shut down, the 
sectionalizing valve immediately above 


Fic. 6. 


Pipe-Cutting Machine in Place 


the cut at the upper end of the 48-in. 
line at Station 508 was closed and the 
pipeline was dewatered sufficiently to 
allow removing the upper pipe nipple 
and keep the excavation dry. Then 
the machine was positioned in the pipe 
nipple and recoupled into the line. The 
upstream sectionalizing valve at Sta- 
tion 508 was then opened gradually 
and the dewatered portion of the line 
allowed to fill up, air being drained 
off through air-relief valves perma- 
nently provided for that purpose. Well 
pumps were turned on as needed and 
the plant inlet valve at the lower end 
of the 48-in. line was opened gradually 
until the machine began to move. This 
flow was gradually increased by ma- 
nipulating well pumps and opening the 
lower valve until the desired cleaning 
speed was obtained. As soon as dirty 


water was evident at the blowoff im- 
mediately below the section being tra- 
versed by the cleaning machine, this 
blowoff was opened to full position, 
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Figure 7 
with the “purpose of discharging as 
much of the debris as possible ahead of 
the machine in order to lighten the 
load on the lower end of the pipeline. 
It was necessary to prevent piling up 
of the material ahead of the machine, 
since after a period of time flushing 
water approximated the consistency of 
tomato catsup. As soon as the ma- 
chine passed one open blowoff, this 
blowoff was closed and the radio car 
and operator immediately proceeded 
to the next blowoff. The valve at the 
filter plant was opened or closed to 
maintain uniform pressures upstream 
above the machine during the manipu- 
lation of the local blowoffs. These up- 
stream pressures were transmitted elec- 
trically and recorded on a chart at the 
plant for the information of the opera- 


tor at that point. 
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This process was repeated as the 
machine traversed each 4-mi. section 
between blowoffs and until the ma- 
chine passed the blowoff. just ahead of 
the last sectionalizing valve at pipeline 
Station 1228. Up to this time, all of 
the water had been going through the 
filter plant in normal fashion and was 
being used to supply the city. Dirty 
water now began to appear at the 
plant, so the lower end flow control 
was transferred to the 16-in. blowoff 
and the entry valve into the plant was 
closed. While the machine was tra- 
versing that section of the pipeline be. 
tween the last sectionalizing valve at 
Station 1228 and the filter plant, this 
sectionalizing valve was slowly being 
closed. A point was reached in the 
operation at which the column of water 
behind the machine plus the gradient 
of the pipeline was sufficient to drive 
the machine by its own momentum, 
When this point was reached, as evi- 
denced by air being drawn into the 
line at the vacuum breakers on_ the 
downstream side of the sectionalizing 
valve at Station 1228, this valve was 
completely closed and the well pumps 
in the field shut down. The machine 
was then allowed to continue on down 
the pipeline, its progress becoming 
progressively slower as head was los 
until the machine’s driving piston 
passed the opening into the 16-in. blow: 
off. At this point the machine stopped 
dead and the blowoff was opened wide 
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in order to complete the dewatering oi 
the section of pipeline below Station 
1228. When dewatering was con 
plete, the removable section of pipe 
was rolled aside on a railroad iro 
track provided for that purpose in thé 
pit and the machine was pulled out oi 
the hole and set aside, using the wine 
line of a truck. An examination wé 
made by walking upstream throug 
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the cleaned portion of the pipeline to 
determine the effectiveness of the 
operation. Observation indicated that 
substantially all of the deposit had been 
wiped off down to the asphalt seal 
coat over the cement lining and that 
the seal coat and cement lining both 
were intact and in perfect condition. 
The removable pipe section was then 
rolled back into place, the Dresser 
sleeves replaced and the upstream valve 
at Station 1228 slowly opened to allow 
the lower end of the pipeline to fill up 
and the air to be exhausted. 

On the 42-in. line, 20,148 ft. were 
cleaned in four hours and twenty min- 
utes elapsed time, from the time the 
machine began to move until it reached 
the outlet end of the section. The ma- 
chine attained traveling speeds of about 
140 fpm. A flow of 20 mgd. was re- 
quired to drive the machine at maxi- 
mum speed in the line. 

The 92,343 ft. of 48-in. line were 
cleaned in twelve hours’ actual work- 
ing time. A peak flow of 25 mgd. was 
required to drive the machine at an 
average speed of 133 fpm. Approxi- 
mately 30 per cent of the water passed 
the machine and available for 
flushing. The longest shut-down of 
the entire system occurred during in- 
stallation of the 16-in. blowoff and valve 
near the plant, because no provision 
was made in the original construction 
for dewatering the lower end of the 
8-in. line and water had to be drained 
hrough the first cut made by the pipe- 
‘utting machine. In this case the plant 
vas out of service for sixteen hours con- 
inuously during which time water was 
rovided from reservoir storage at the 
lant and from old wells of the pri- 
ately-owned Wichita Water Co., which 
ire maintained for emergency use. 

As indicated, the cleaning of the 42- 
ind 48-in. lines was two distinct and 


Was 


separate operations. However, each 
operation, once begun, was carried on 
continuously to its conclusion; that is, 
once the machine began to move it was 
not allowed to stop. In the case of the 
42-in. pipe, pressure was applied 
against the machine upstream with 
gravity discharge from the lower end 
of the line. In cleaning the 48-in. line 
the entire line was under pressure and 
control over speed was maintained by 
bleeding water out below the machine 
and at the plant. The machine tra- 
versed the cone valve restrictions with 
surprising ease, it being necessary to 
listen carefully at these locations to 
detect passage of the equipment. 


Results 


On the day following cleaning of the 
48-in. line, flow tests were run on the 
42- and 48-in. cleaned sections at vari- 
ous rates of flow. These tests were 
conducted by observing flows through 
the 48 x 22-in. Venturi meter at the 
inlet to the plant. Pressure readings, 
with reference to the pipe center-line, 
were taken on the upstream side of the 
Venturi meter ; at an air-release valve at 
Station 515 +, just upstream from the 
entry opening for the machine at the 
upper end of the 48-in. line; on the 
downstream side of the sectionalizing 
valve at Station 506; and on the down- 
stream side of the control valve at Sta- 
tion 299 at the upper end of the 42-in. 
line just ahead of the point of entry for 
the cleaning machine in that section of 
line. 

The details of these observations at 
various rates of flow are shown in the 
accompanying tabulation. Tests using 
the same points of observation on 
March 19, just prior to beginning 
cleaning operations, indicated — the 
Hazen-Williams value of C to be very 
nearly 110 for both the 42- and 48-in. 
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Fig. 8. Changes in Flow Coefthcients—42-in. and 48-in. Pipelines 


{ 
pipe sections (see Fig. 8). 
ceptance tests after the cleaning opera- 
tion indicated values of C to be 143 
and 158, respectively, for the 42- and 
48-in. lines. 

The value of C, particularly for the 
48-in. line, seemed unusually high and, 
in order to satisfy ourselves as to its 

were recom- 
in additional 
several rates 
six different 


The ac- 


accuracy, the coefficients 
puted from data obtained 
tests run on March 30 at 
of flow. The average of 
runs on the 48-in. line on March 29 
and 30 gave the value of Cas 158. This 
value was computed on the basis of the 
48-in. nominal internal diameter of the 
pipe. Actually there is some variation 
from the nominal 48-in. internal di- 
ameter, since the pipeline was designed 
and fabricated using the new American 
Standards Association’s specifications 
for cast-iron pipe (A.S.A. A21.1- 
1939), which allows the pipe wall thick- 


ness under properly controlled manv- 
facturing conditions to be varied in ac. 
cordance with external loads and in. 
ternal pressures. In Wichita’s case the 
walls of the centrifugal cast-iron pipe 
as manufactured by the American Cas 
Iron Pipe Co., vary from a minimur 
of 0.74 in. to a maximum of 1.05 in 
To this thickness of metal must le 
added approximately 3% in. for cement 
lining, which gives a weighted averag 
of 48.70 in. for the internal diameter 
of the entire length of 48-in. line. The 
coefficient, as calculated for the 48-1 
line and corrected for the actual ¢ 
ameter, then becomes about 153, whic 
is at least as good as, if not better thar 
the coefficient obtained just after the 
pipeline was installed. In all thes 
tests gages used were calibrated wit 
a dead weight tester before and afte 
taking observations to eliminate error 
from this source. 
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; 


48-in. 
| Hydr. Quantity | Velocity, | Coefficient 
Date Slope (8) S9-54 Radius, ft. Discharged, 
(R) | med. (Q) (V) 
Oct. 18, 1940 | 0.000356! 0.0136 1 1 20.8 2.56 
July 21,1941 — | 0.000563} 0.0175 | 1 I 20.1 2.47 
July 7, 1942 0.000615 | 0.0183 1 1 19.7 2.43 
Apr. 2, 1943 | 0.00088 0.0222 1 1 19.7 2.43 
Feb. 7, 1944 | 0.000956; 0.0232 1 1 21.4 2.63 
May 9, 1944 | 0.000804 | 0.0212 1 1 20.25 2.49 
Aug 8, 1944 | 0.000851! 0.0219 1 1 23.0 2.83 
Mar. 19, 1945 0.000487 | 0.0162 1 1 19.1 2.35 
Mar. 29, 1945 0.000265} 0.0116 1 I 19.7 2.92 
Mar. 29, 1945 0.000574 | 0.0177 1 1 29.6 3.65 
Mar. 30, 1945 0.000271} 0.0118 1 1 20.1 2.47 
Mar. 30, 1945 0.000418} 0.0148 1 | 25.2 3.11 
Mar. 31, 1945 | 0.000211} 0.0103 1 1 16.7 2.06 
42-in. Pipe 

Aug. 8, 1944 | 0.875 0.919 
Mar. 19, 1945 0.000813} 0.0213 0.875 0.919 17.7 2.84 
Mar. 29, 1945 0.000508 | 0.0166 0.875 0.919 18.3 2.93 


Note: 42-in. main cleaned on Mar. 23, 1945 
48-in. main cleaned on Mar. 27, 1945 


Chlorine introduced at upper end of 42-in. pipe intermittently and in varying amounts 
Systematic chlorination begun in heavy doses on May 1, 
* Computed using data obtained from recording pressure charts. 


after October 1942. 


In order to determine maximum flow 
line capacity, on March 29, immediately 
after cleaning, 23 wells were placed in 
operation to provide a theoretical flow 
at the rate of 30.2 mgd. The actual 
rate of flow, as measured at the plant 
Venturi meter, was 29.6 mgd. Theo- 
retically, had all wells been operated, 
they would have sufficiently raised the 
pressure at the upper end to furnish a 
flow of more than 31 mgd. 


Acknowledgments 


The National Water Main Cleaning 
Co. designed and furnished the clean- 
ing machine used. Special credit is 
due to J. A. Frank of that organization 
for his development of the special 
equipment and methods required for 


1943. 


these operations. Grateful acknowl- 
edgment is made to the Kansas Gas 
and Electric Co. of Wichita for use of 
their radio-equipped trucks, to the 
Army Air Forces for their co-opera- 
tion, and to the Federal Communica- 
tions Commission for their issuance 
of emergency permission to use radio 
equipment. Had the radio control not 
been available, much lost time and ex- 
pense, as well as great uncertainty in 
supervising operations would have oc- 
curred. The consulting engineering 
firm of Black and Veatch, who origi- 
nally designed the Wichita system, as- 
sisted with the preparation of the clean- 
ing specifications and contract docu- 
ments. All field labor and materials 
were furnished by the Wichita Division 
of Water Supply. 


723 
ol. 
iD | | 
INE 
| 
NE 
1D 48° 
| 


TACKSON, the capital city of Mis- 
sissippi, has shown rapid growth 
since 1920, increasing from a city of 
23,000 to about 83,000. This has not 
been a wartime mushroom growth but 
a steady climb in resident population as 
Jackson becomes Mississippi's leading 
city. There are no large “wartime” 
activities in Jackson, although in the 
early war days the Jackson city airport 
—Hawkins Field—was converted to a 
3,000-man air base training center and 
today Foster General Hospital is pro- 
viding medical care for about half this 
number. The city, however, is aware 
that the U.S. Bureau of Census lists 
Jackson as Class A-l—the group of 
cities with the most rapid wartime 
growth plus the best prospects of re- 
tention of such growth. 

The water meter installations are an 
index to the growth of the city. From 
Sept. 30, 1939, to the same date in 
1940 there were added 824 meters, in 
the next year 794, and 454 in the fol- 
lowing period. That there have been 
wartime restrictions on building is in- 
dicated by the fact that only 203 new 
meters were installed in 1943 and 204 
in 1944. This is a gain of 3,408 cus- 
tomers since Sept. 30, 1938, in a 100 
per cent metered city. 

During the past 28 years the city has 
been most fortunate in having the con- 
tinuous leadership and management of 
Mayor Walter B. Scott and Commis- 
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sioners R. M. Taylor and A. F. Hawk. tion 
ins. They have watched Jackson grow The 
and, anticipating demands, have guided ing | 
the city successfully through the throe: 
of development from a town to a bus. 
tling city. They have directed a cop- 
tinuous program of planning for the 
future that has permitted Jackson t 
grow without a burdensome debt struc. 
ture and will soon see the city free oj 
indebtedness. 

In 1938, two 500,000-gal. elevate: 
storage tanks were added to the sys 
tem and in 1939, two 1-mgd. filter unit 
were constructed to bring the filtratig, “'Y 
capacity to a rated 10 mgd. A study Meee? 
of plant enlargement was started it 6. 
1941 and was extended to include thi 'and, 
entire water utility in 1942. It me [ft . 
vealed the need for a new intake, it} ment 
creased plant capacity, increased clea tion, 
well storage, certain distribution sup treate 
ply mains and distribution system egal, |] 
tensions. A serious situation was certair 
covered when it was found that the§ard 
were no detailed records of the di®ysed. 
tribution system and that the valve ai jn the 
hydrant maintenance records were 4the fly 
most nil. Water meters had not be@ This 
tested since installation. Technical s comple 
pervision of filtration had been trihytic 
mended by the State Board of Healfwere ny 


and 

mix1 
equi 
drain 


voir ( 


but until early in 1942, it had not be certain 
practiced. The city commission to#housed 
steps to improve the situation and§], 


program of street intersection platti 


a | A Postwar Program for Jackson, Mississippi ‘** 


August 1945 POSTWAR PROGRAM 
was instituted to “get on paper” a lot 
{ data usually in the private posses- 
sion of the water department person- 
nel. A water meter testing program 
was also started. Ten meters were re- 
moved each day for reconditioning and 
testing, and replaced the next day, care 
being taken to return meters to their 
original locations. 

During 1943, a construction program 
was started at the water filtration plant, 
with the Federal Works Administra- 

lawk- tion contributing 25 per cent of cost. 
grow The program consisted of the follow- 
ruuided ing major items of construction : 

throe: 
a bus- 
A COn- 
or the 
on t 
struc- 
Tee 


1. Modernization of chemical mixing 
and flocculation to replace a_ baffled 
mixing basin. 

2. New settling basin. 

3. Two new 2-megd. 
equipped with non-metallic 
drains, hydraulic valves, etc. 

4. A new covered clear-water reser- 
voir of 1-mil.gal. capacity. 

5. A new chemical storage house, 
dry feeders, raw and treated water 
meters, chlorine control equipment, etc. 

6. A wash tank purchased second 
hand, dismantled and re-erected. 


filter units 
under- 


evatel 
sys 
unit 
tratior 
stud) 
ted in 
de the 
It t It was essential that this improve- 

iment be completed without interrup- 
tion of plant operation, as the total 
treated water storage was only 1.6 mil. 
gal. It was also necessary to conserve 
certain critical war materials but stand- 
ard reinforced concrete design 
used. The only serious restriction was 
in the expansion joint material used in 
the flumes carrying the settled water. 
This project cost $240,000 and was 
completed in 1944. A few short dis- 
tribution system extensions and _ ties 
were made to provide better service to 
certain areas where war workers were 
housed. During the construction period 
and§J. H. Fewell, superintendent for nearly 
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FOR JACKSON, 


MISSISSIPPI 

40 years, died and was succeeded by 
Baxter F. Wade, who has successfully 
guided the utility to this date. 

During August 1943 the author tried 
out the postwar planning program of 
the Joint Committee on Water and 
Sewage Works Development, and the 
city commission, firm in the belief of 
Jackson's future, authorized the prep- 
aration of detailed construction plans 
and specifications for parts of the water 
department modernization program 
omitted at the present because of the 
war emergency. Also authorized was 
a study of sewerage and sewage dis- 
posal for the city and a report on Town 
Creek flood control. These items fitted 
perfectly into the “Blueprint Now” 
thesis and Jackson was again planning 
ahead. 

It had long been known that the 
Pearl River intake was a weak link 
in the system. The original 30-in. 
diameter suction pipe extending into 
the river had broken several times and 
repairs were only temporary. The 
pumps are horizontal centrifugals in a 
deep pit and three of the four units are 
of 1921 or earlier design. Any failure 
in discharge or suction piping would 
endanger the pumps and, as the station 
is not attended, this hazard was well 
known. In January 1944, a valve fail- 
ure flooded the station completely and 
the city was out of water for 24 hours, 
indicating the necessity for providing 
a so-called “fool-proof” installation and 
the use of vertically-driven volute 
pumps with motors above flood height. 
Accordingly, in the new intake design 
one 10-mgd. unit for emergency use 
and space for an additional unit are 
provided. The new intake will have a 
motor-driven screen and space for a 
second unit. Intake gates are provided 
at varying elevations. Again it is 
necessary to construct this new intake 


te 
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while keeping the old one in use and 
careful scheduling of construction 1s 
necessary. The plans call for a sepa- 
rate screening and emergency pumping 
structure near the existing pump pit and 
the piping is so arranged that the new 
24-in. raw water line to the treatment 
plant can be put in service while con- 
nection of the new intake to the old 
pump station is made. The four pump- 
ing units would be revised and piping 
changes made so that two pumps would 
discharge into the existing 24-in. raw 
water line and the other two with the 
new volute pump would discharge into 
the new raw water line. This construc- 
tion is scheduled for postwar action 
and, it is estimated, will cost $179,000. 
Due to the flood hazard on Pearl River, 
construction must be done between 
June and October. This construction 
will practically complete the modern- 
ization of the old plant. The water 
production works are now named the 
J. H. Fewell Filtration Works in honor 
of the long service of the late super- 
intendent. 

Rejected by the WPB as not essen- 
tial during the war was a new feeder 
main from the pump station to the 
high-value district. A new 20-in. 
feeder main was suggested by the N.B. 
F.U. but the routing would have en- 
tailed very expensive construction and 
interruption of traffic. A new and 
shorter route was located and the pipe 
size increased to 24 in. This line in- 
cludes 7,700 ft. of 24-in. pipe, 1,656 ft. 
of 20-in., 1,554 ft. of 16-in., 380 ft. of 
14-in., 2,964 ft. of 12-in. and 1,151 ft. 
of 8-in. and smaller pipe. All pipe is 
cast-iron, cement-lined, Class 150. The 
line is tied into the distribution system 
all along the route. The distribution 


system grid system will be strengthened 
in various locations, using some 5,592 
ft. of 12-in. pipe, 5,494 ft. of 10-in. and 
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5,016 ft. of 8- and 6-in. tie-in lines the 
Some 57 valves and 23 hydrants wiljf tal 
be added in the distribution system andj sev 
fourteen valves and five hydrants in the abe 
main feeder. The estimated cost of the} Bo: 
pipeline work is $170,000. A study in} 7 
dicated that elevated storage desirable tha 
for fire pr tection in the rapidly grow-f on 

ing southern industrial section could bef ter¢ 
best supplied from a properly located} sew 
l-mil.gal. tank, so a satisfactory site} bale 
was selected and obtained and plans} ing 
and specifications drawn for this sys} and 
tem improvement, which, it is esti. A 
mated, will cost $119,000. Other con: 
minor extensions are included under} Cree 
the routine water extension program} (ret 
Thus, for the postwar program, the} som 
water department is ready to advertise Haw 
for construction bids on $468,000 worth} Tow 
of improvements that will employ alf part 
types of labor and be of lasting benefif Pass: 
to Jackson. Jackson’s Water Depart§ piles 
ment is ready for the “needs of tog struc 


morrow.” nois 
its 
Sewage Works Improvements chant 


In the Department of Public Works} cham 
Director J. J. Halbert is likewise alert fore | 


to postwar problems and, after the pres} lic be 
entation of a report on sewerage ant creek 
town 


flood control, he secured the conse 
of the commission to have detailed com from 
struction plans and specifications pre Creek 
pared for two of the sewerage projectg ‘treet 
—the Buena Vista relief sewer and thg Struct 
Mill Street relief sewer. Included wi ™ lig 
be 2,486 ft. of 27-in. sewer, 1,342 ff high 

of 24-in., 3,798 ft. of 18-in., 5,604 ff Tunof 
of 15-in. and 1,465 ft. of 12-in. ang ‘or fu 
smaller sewer. Several creek cros@ an 
ings of cast-iron pipe sewers with 4§ SIVe © 
manholes are included. This new con thoriz 
struction will provide relief for the ‘tre 
present overload sewers and _ prev cut ba 
the discharge of laundry wastes, ett decisic 
into Town Creek (a dry run branchf © reti 
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that extends through the city. De- 
tailed plans for a collecting outfall and 
sewage treatment works were held in 
abeyance with permission of the State 
Board of Health. 

The report on sewerage indicated 
that some $718,288 could be expended 
on sanitary sewers and an outfall in- 
tercepter. The cost of the designed 
sewers is estimated at $118,314 and the 
balance could readily be designed dur- 
ing the construction of the Buena Vista 
and Mill Street relief units. 

Another public works project, long 
considered by Jacksonians, is the Town 
Creek Flood Control project. Town 
Creek is a very flashy stream draining 
some 8,858 acres of land including 
Hawkins Field, the municipal airport. 
Town Creek crosses the main business 
part of Jackson in an existing covered 
passageway but numerous foundation 
piles, pipelines, etc., have seriously ob- 
structed the channel-way. The IIli- 
nois Central Railway likewise has by 
its city freight terminal restricted the 
channel. Under Mississippi law, the 
channel is privately owned and there- 
fore it is not readily controlled by pub- 
lic bodies. The lower reaches of the 
creek, including the congested down- 
town portion, are subject to backwater 
from Pearl River and, to prevent Town 
Creek overflowing the downtown 
streets and business blocks, any con- 
struction undertaken must be studied 
in light of the possible coincidence of 
high water in Pearl River and high 
runoff in Town Creek. Original plans 
for full control of Town Creek called 
for an expenditure of $1,585,000 exclu- 
sive of land right-of-way costs. Au- 
thorization was given to design the 
entire improvement but the project was 
cut back to the lower section after the 
decision of two of the commissioners 
to retire from office due to old age. In 
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the preliminary report, work on this 
lower section was estimated to require 
an expenditure of $954,500, but in the 
designing a cost of $562,854 was esti- 
mated due to the co-operation of the 
Illinois Central Railway and to the 
elimination of certain levees in the 
lower reaches. No pump station is 
provided but the paved channel-way, 
U-shaped, 53 ft. across the top and 35 
ft. at the bottom, with a depressed center 
channel, is provided for normal flows. 
The channel has been widened, straight- 
ened and deepened and obstructions 
removed or compensated for with en- 
larged flow section area. The lowest 
reach of the improved channel-way 
will carry 6,170 cfs., while the im- 
proved channel at the upper end of the 
improvement is designed for 5,390 cfs. 
all carried within the channel limits. 
This project will necessitate a bond 
issue for construction but, like the 
water and sewerage improvements, it 
is “Blueprinted Now!” 


Other Postwar Improvements 


Another large public works project 
already under way is the planning of 
the development of a new 400-acre 
park adjoining the water works prop- 
erty in the northeast part of the city. 
In 1944 the city commission acquired 
315 acres of high rolling land and some 
river overflow bottom land from the 
state of Mississippi for park purposes. 
The site is admirably adapted for 
recreation development and two play- 
ground areas are being studied by the 
National Recreation Association in 
conjunction with the Atlanta training 
school program for playground lead- 
ers. Tennis courts, playgrounds, a ball 
diamond, a swimming pool and a com- 
munity building are planned and a 
small golf course may be added. A 75- 
acre lake will be created by damming 
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a small stream flowing through the 
property. A group of deep wells will 
be drilled to maintain water levels 
throughout the year. The overflow 
bottom land contains some original 
timber and will be maintained in its 
wild state as a bird and wild life 
sanctuary. 
Construction plans are complete for 
a new city warehouse and garage to 
be erected on land built throughout the 
years with the refuse from the city 
crematory. An additional incinerator 
is also planned. Preliminary sketches 
are also ready for two new structures 
about the City Hall square to house the 
central administrative departments of 
fire and police. Trafficway studies 
have been under way for several 
months and a tentative layout of traffic- 
way improvements has been deter- 
mined. 
=x 
Attraction of Industry 


Does postwar planning pay divi- 
dends? There is no definite answer 
but Jackson feels that its program has 
attracted attention of industrialists. 
The Adler Manufacturing Co., a divi- 
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sion of Sears Roebuck, has acquired 
127 acres located about 1} mi. north of 
the present city limits for a furniture 
manufacturing plant. City water, fire 
protection and sewerage facilities will 
be made available. A factory of 750, 
O00-sq.ft. floor area is designed. Ip 
downtown Jackson, Sears has acquired 
14 city blocks for a city store, parking 
facilities, etc., and the Gulf Refining 
Co. has acquired a site for a state head. 
quarters building for production and 
refining operations. In the southern 
industrial area, the Armstrong Cork 
Co. has acquired 15 acres adjacent to 
the General Electric lamp works and 
will erect four building units of con- 
crete and tile construction to manufac- 
ture asphaltic-mastic floor tile. An- 
other industry just announced is a 
large factory for the manufacture oj 
toiletries. Other industries have sur- 
veyed Jackson recently but definite 
commitments have not yet been an- 
nounced. 

Jackson is ready for postwar de. 
velopment—as a city of administrative 
or distribution facilities or as a south- 
ern center for manufacturing, Jackson 
has “Blueprints—Now !” 
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Postwar 


By A. E. K. Bunnell 


Consultant, Community Planning Branch, Ontario Dept. of Planning & Development, 


anning in 


Toronto, Ont. 
Presented on Mar, 21, 1945, at the Canadian Section Meeting, Toronto, Ont. 


T was with the realization that On- 

tario had developed beyond the pio- 
neer stage and that it was necessary to 
look to the conservation of natural re- 
sources to create a fuller community 
life that the government of Ontario 
established the Department of Plan- 
ning and Development. 

We have been in the past too prone 
to clear the land without considering 
the adverse effects on soil erosion and 
fertility and on ground and _ surface 
water supplies. The result is that in 
many of the townships, in the south- 
west portion of Ontario at least, the 
lack of ground water is so acute that 
consideration is being given to the in- 
stallation of water distribution systems 
at great expense. 

There exists, and has existed for 
some years, considerable legislation on 
the statute books of Ontario enabling 
municipalities to plan for postwar de- 
velopment. The most important stat- 
utes are: 

1. The Planning Development Act, 
which provides for the mapping of 
streets in unsubdivided areas in cities, 
towns and villages; in the case of cities 
for 5 mi. beyond developed areas and 
in the case of towns and villages for 3 
mi. beyond. 

2. The Municipal Act, various sec- 
tions of which provide for the expro- 
priation of land for highways and other 
purposes. Section 406 gives munici- 
palities control of the use of land and 
the use and location of the buildings to 
be put on the land. v7 


3. The Public Parks Act, which pro-- 
vides for the expropriation and de- | 
velopment of parks and other munici- | 
pal recreational areas. 

As yet very few of the municipali-— 
ties, including many of the larger ones, _ 
have done much to take advantage of 
these acts. Very few of the munici- 
palities have even a basic map show- | 
ing the contours or elevations of the — 
land, the streets and the buildings on 
those streets, and the uses to which the | 
land and buildings are put—a pre- _ 
requisite to all municipal planning. 

In the days before the automobile 
we were compelled to live within very — 
prescribed limits and those limits have 
fixed the boundaries of our municipali- 
ties. Today we find not only fringe — 
developments but whole communities — 
living beyond the boundaries of the — 
original urban municipality, and these _ 
communities demand much from the _ 
central city in services of one kind or — 
another. The rural municipalities are — 
not organized to handle urban prob- 
lems and urban controls should be ex-_ 
tended to embrace all such rural areas | 
and provide industrial and recreational _ 
facilities close by for the urban-minded _ 
population. At the same time the rural | 
communities should set up controls to 
insure that their lands and their ameni- 
ties do not suffer from the intrusion of 
subdivision and other urban land uses, — 
for in the past intrusions of this type 
have in times of depression been the — 
chief cause of the defaults of the mu-_ 
nicipalities on the borders of the larger | 
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cities and the imposition of increased 
taxes on agricultural holdings. We 
can look, over the next few years, for 
an entirely new municipal setup inso- 
far as municipal boundaries are con- 
cerned. 

With respect to the smaller com- 
munities, it seems likely that over a 
period of years some of them are going 
to disappear. They were created in 
those horse-and-buggy days when in- 
dustrial activities were conducted on a 
much more individual and smaller basis 
than now and the small factory or mill 
can no longer compete with the larger 
factory. The small community today 
is unable to give its people as wide a 
range of educational, cultural and rec- 
reational facilities as the larger com- 
munity. Consequently a considerable 
number of people have been drawn to 
the larger communities. 

Some warning against mere “proj- 
ect planning” should be given for proj- 
ect planning loses a great deal of its 
value unless co-ordinated with an over- 
all plan of the province or the com- 
munity. It is therefore necessary to 
think in terms of basic principles. For 
example, what are the predominating 
features that sustain the province and 
the communities in which we live? 
Are we cultivating and husbanding our 
natural resources? Are we making 
our communities serviceable and at- 
tractive for living ? 

If you believe that your community 
is going to expand it is of the utmost 
importance that you consider, deter- 
mine and establish the areas best 
suited for industrial development, be- 
cause without industrial growth there 
can be no expansion. The author 1s 
not an advocate of large, top-heavy 
communities with all their problems of 
communications, blighted areas, etc., 
but there is a certain optimum below 
which communities are unable to fur- 
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nish the services and amenities 
quired by urban-minded people. 

Unfortunately, a great many people, 
including many municipal officials, 
have failed to do any sort of community 
planning, and theirs will be the com- 
munities that will be depopulated. 
That this is so is demonstrated by the 
fact that the lending institutions are 
now refusing to loan mortgage money 
in such communities. The National 
Housing Act of 1944 expressly says 
that mortgage loans made thereunder 
are at the discretion of the Minister of 
Finance and certainly they are at the 
discretion of the lending institutions 
which remain the primary lenders, 
Furthermore, the act very definitely 
provides that extended loans will be 
granted only to those municipalities 
which in the opinion of the minister 
are adequately protected by community 
planning and appropriate zoning re- 
strictions. 

Obviously an adequate plan means 
a protected plan and under the pres- 
ent municipal setup and available legis- 
lation this is very difficult. In most 
communities the councillors are elected 
for one-year terms. It is to the men 
associated with water works commis- 
sions or other municipal departments, 
who are appointed and who, by and 
large, maintain their positions for long 
periods of years, that the city council- 
lors turn more and more for help and 
advice. It is their joint responsibility 
to provide a backlog of public works 
for employment whenever the emer- 
gency arises. After the war the need 
will be great and it behooves us now 
to see that the boys returning from 
overseas will find a strong and resolute 
people, fully equipped with sound plans 
of public improvements all co-ordinated 
on a dominion, provincial and com- 
munity level, ready to provide them 
with honorable employment. 


re- 


Suy 
whi 
qui: 
and 
000 
son. 
app 
reqt 
ance 
grat 
sons 

A 
in | 
resic 
have 
norn 
in th 
Loui 
weig! 
const 
tems, 


~ 
\ 
\ 
4 
{ 


ple, 
ials, 
nity 
‘om- 
ited. 
the 
are 
ey 
onal 
says 
nder 
of 
the 
Hons 
ders. 
‘itely 
be 
lities 
‘ister 


inity 
Te- 
leans 
pres- 
egis- 
most 
ected 
men 
ents, 
and 
long 
incil- 
» and 
bility 
vorks 
>mer- 
need 
now 
from 
solute 
plans 
nated 
com- 
them 


 Postw 


an address before the Cleveland 


of the American Water 


Works Association, Abel Wolman 
stated that for the ten-year period fol- 
lowing the end of the war cities of the 
United States would need to expend 
from $218,000,000 to $220,000,000 a 
year for water works construction to 
serve new city dwellers, for construc- 
tion to replace obsolete structures and 
equipment and for maintenance of 
equipment and structures still useful. 

At that time he recalled that during 
the 1920-1930 decade, similar expendi- 
tures in the water supply field aver- 
aged $130,000,000 per year. 

Earlier (May 1942) the JouRNAL 
carried a statement covering “Material 
Requirements for U.S. Public Water 
Supply Construction and Maintenance” 
which revealed that the normal re- 
quirements of the industry for metals 
and metal products aggregated 405,- 
000 tons annually. For each 1,000 per- 
sons served by public water supplies, 
approximately 300 tons of metal are 
required for the works, and, for a bal- 
anced year to year maintenance pro- 
gram, 5 tons of metal per 1,000 per- 
sons served are required. 

Approximately 86,000,000 persons 
in 1945 have their normal place of 
residence in United States cities which 
have public water supplies and the 
normal annual population growth rate 
in these cities totals 500,000 persons. 
Louis R. Howson and others refer to a 
weighted average of $60 as per capita 
construction cost for water works sys- 
tems, with an aggregate investment of 
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more than $5,000,000,000, in water 
utility systems in the United States. 
Recently, H. F. Lowe, Chief of the 
Materials Branch of the Office of War 
Utilities, submitted through his Chief, 
Edward Falck, to Chairman J. A. Krug 
of the War Production Board, an “a 
mate of postwar utility expenditures. — 
The report includes three tables and 
two charts all of which are aes 
herewith because of their value to per-_ 
sons engaged in forecasting construc-_ 
tion in the water utility field. : 
The words “under existing restric- 
tions” mean under the utilities orders — 
in effect in May 1945. The anak 


“with construction open ended” mean _ 


with complete removal of all WP Bo 
restrictions which limit construction. 7 
Actually, since June 2, 1945, an inter-_ 
mediate set of conditions has been ef- — 


fective—order U-1 “open-ends”’ 


water works construction on a non- — 
priority basis, except buildings with a 
materials cost over $25,000. This will 
tend to increase late 1945 construction 
above the amount shown for that oc 
in the column headed “Under Existing © 
Restrictions” but will not bring the © 
total quite up to the amount which — 
would result with all construction com-_ 
pletely “open-ended.” 

Contrariwise, the continued tight — 
situation with regard to manpower and 
transportation will tend to hold down | 
the work which can be done in 1945. 

The $200,000,000 post V-J annual — 
rate of construction expenditures as_ 
estimated by Mr. Lowe is less than the | 
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$218,000,000—$220,000,000 estimated creased annual replacement needs, the 
by Mr. Wolman in 1943, but substan- WPB estimate of $200,000,000 strikes} — 
tially above the $130,000,000 record of a fair balance between the pre-depres- 
the 1920-1930 decade. Taking into sion rate for water works construction 
account the increased price level for all and Mr. Wolman’s estimate for the 
construction, as well as the combined post V-J decade. Gu 
effects of population growth and in- July 10, 1945, 3 oe 
Ae TABLE 1 WIR 
ws Office of War Utilities Te 
Annual Utility Construction Expenditures 
1940-1946 
(Millions of Dollars) 
Estimated Expenditures 
Co 
Al 
Actual Expenditures Under With 
: Restrictions | Open-Ended Day 
‘ Rate 
1940 | 1941 1942 | 1943 | 1944 | 1945 | 1946 | 1945 | 1946 
ELectric 
Private and Municipal 
207 238 157 97 143 175 146 214 250 
Transmission and Distribution... . 354 395 264 | 137 156 275 305 290 380 | 450 
Rural Co-operatives 79 6S 30 12 20 32 60 34 105 145 
ST ; 50 172 233 | 169 90 75 75 82 145 400 
gD oe 690 870 755} 475 363 525 615 552 844 1,245 
116 140 111 75 110 80 105 80 105 130 
69 75 150 90 120 148 155 155 185 200 Constr: 
ELEcT 
WIRE COMMUNICATIONS Priv 
310 450 370} 165 185 280 480 280 480 750 Ge 
9 12 12 10 9 12 16 12 16 25 Tr 
Total Wire Communications.....|_ 319] 462] 175 | 194 | 292| 496| 292] 496] Rure 
1,194] 1,547 | 1,398) 815 787 | 1,045 | 1,371 | 1,079 | 1,630 | 2,350 Fede 
TABLE 2 Gas 
Office of War Utilities 
; Quarterly Utility Construction Expenditures and Requirements for Controlled Materials 
1945-1946 Wire ( 
Under Existing Restrictions lelep 
(Millions of Dollars) 
Post 
ia 4044 1945 1946 v-] 
Aver- Day Controll. 
« age Aver- Steel 
jQuarter! ist | 2nd | 3rd | 4th | Ist | 2nd | 3rd | 4th |, 28€ Coppe 
Qtr. | Qtr. | Qtr. | Qtr. Qtr. | Qtr. Qtr Qtr. |Quarte Alumi 
Construction Expenditures ($' 000, 000) 
ELECTRIC 
Private and Municipal 
Generation ee 24 30 32 39 | 42 37 43 45 50 63 
l'ransmission and Distribution... ‘| 39 60 65 75 75 70 80 80 75 112 
Rural Co-operatives............... 5 5 4 10 13 15 15 15 15 36 
ey a 23 17 20 20 18 17 20 20 18 100 
| 91 112 121 144 148 139 158 160 158 3il 
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August 1945 POSTWAR UTILITY EXPENDITURES at 
TABLE 2 (Contd.) 
1944 1945 1946 
Aver- 
age 
Quarter) 1 .¢ 2nd | 3rd | 4th Ist 2nd | 3rd age 
Qtr. | Qtr. | Qtr. | Qtr. | Qtr. | Qtr. | Qtr. , |Quarter 

SR Fee ee 28 | 15 | 15 | 25 | 25 | 20 | 30 | 30 | 25 | 32 
30 32 | 37 | 40 | 39 | 35 | 40 | 40 
WirE COMMUNICATIONS 

46 55 65 75 85 105 115 125 135 

Total Wire Communications...} 48 58 68 78 88 109 119 129 139 
217 241 287 300 303 347 359 362 

Controlled Material Requirements 

Steel (‘000 tons).............. 127 50 | 88 | 99 |161 |188 | 115 

Copper Wire and ‘able (‘000,000 Ib. ) 16.1 27.9} 30.3| 36.5] 40.8) 43.8] 51.1] 54.2 

Aluminum (‘000,000 Ib.) 5.5 4.0} 10.8) 11.6) 10.1 10.9; 10.9 
pad TABLE 3 
; Office of War Utilities 

Quarterly Utility Construction Expenditures and Requirements for Controlled Materials — ry 
1945-1946 


With Construction Open-Ended 
(Millions of Dollars) 


Post 
1944 1945 1946 vy 
Aver- Day 
age Aver- 
Quarter) jst | 2nd.| 3rd | 4th Ist | 2nd | 3rd 
Qtr. | Qtr.g} Qtr. | Qtr. | Qtr. | Qtr. | Qtr. | Qtr. [Quarter 
Construction : 000, 000) 
ELECTRIC 
Private and Municipal 
24 30 32 40 41 51 58 
Transmission and Distribution. 39 60 65 80 85 90 100 100 
Rural Co-operatives............. ‘ 5 5 4 10 15 20 25 30 
Eg) re 23 17 20 20 25 25 40 40 
91 112 121 150 169 176 216 228 224 
28 15 15 25 25 20 30 30 
WATER.... NE ee Ey. 30 32 37 42 44 40 50 50 
WIRE COMMUNICATIONS 
46 55 65 75 85 105 115 125 135 
Telegraph 2 3 3 3 3 4 4 
Total Wire Communications. . 48 58 68 78 88 109 119 129 139 
197 217 241 295 326 345 415 437 433 
Controlled Material Requirements 
steel ("O00 toms)... 127 50 88 137 122 105 174 204 130 
Copper Wire and Cable ( 000, 000 Ib. ») 16.1 27.9| 30.3] 38.0} 44.4 51.1 60.1 64.9 
Aluminum (‘000,000 Ib.) bh 5.5 4.0 10.8 13.0 13.2 15.5 17.0 
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HE New York State Mutual Aid 

Water Supply Program was born of 
wartime necessity and was designed to 
assist local water supply and sanitation 
authorities in preparing for emergen- 
cies and to facilitate prompt aid from 
adjoining or neighboring communities. 
It was developed as a part of the mo- 
bilization of the state and its munici- 
palities promptly and_ effectively to 
safeguard or restore water service in 
the event of either wartime emergen- 

cies or peacetime catastrophes. 

The New York State Legislature 
_ passed an act which constituted Chap- 

ter 574 of the Laws of 1942 and pro- 

vided the needed authority for carry- 

ing out the objectives of the program. 
The legislation was the result of a joint 

study and recommendation of the con- 

ference of mayors and the town asso- 
ciation and a committee of the legisla- 
ture. 

As Assistant Director of the Divi- 
sien of Sanitation of the New York 
_ State Department of Health, the author 
- was appointed State Water Supply Co- 
_ ordinator to organize and direct the 
operation of the Mutual Aid Water 
Supply Program in New York State. 
_ Under this program the state was di- 
vided into 22 zones, which are coter- 
- minus with the boundaries of the exist- 
ing state health department districts 
except for Westchester, Nassau and 
Suffolk counties which comprise sepa- 
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rate zones. A key water works of- 
ficial was appointed as zone co-ordina- 
tor in each zone and the district engi- 
neers of the New York State Depart- 
ment of Health and the county sani- 
tary engineers of Westchester, Nassay 
and Suffolk counties were appointed 
as assistant zone co-ordinators. 

A manual for the instruction, in- 
formation and guidance of local water 
authorities was prepared and has been 
printed in book form. A useful ref- 
erence text, it has enjoyed wide dis- 
tribution. It is still in demand and 
copies are yet available. 

Soon after the adoption of the pro- 
gram, three-day regional water service 
training were held at five 
places in the state for the purpose of 
training and instructing the key mu- 
nicipal water works personnel. Later 
35 local schools were held by the zone 
co-ordinators and local water supply 
authorities, at which 2,500 volunteer 
and regular water supply personnel re- 
ceived instructions in accordance with 
outlined in the 


sche Is 


scheduled lessons 
manual. 

These schools were conducted with 
the co-operation of the Bureau of 
Public Service Training of the New 
York Education Department, the Mu- 
nicipal Training Institute of the New 
York State Conference of Mayors, the 
New York Section of the American 
Water Works Association, the Na- 
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tional Board of Fire Underwriters and 
the New York State Fire Insurance 
Rating Organization. 

During the early months of the war 
one of the most important features of 
the program was the mutual aid in- 
ventory of water works material. 
These data were compiled because of 
the ever-increasing difficulty in obtain- 
ing critical materials that might be 
needed on short notice in case of emer- 
gency. The state co-ordinator and the 
zone co-ordinators, with the co-opera- 
tion of a specially appointed inventory 
committee of the New York Section of 
of the A.W.W.A., made a survey of 
the water works of the state and estab- 
lished a central pool of information on 
available water works material. This 
inventory plan, which was undertaken 
with the co-operation of the War Pro- 
duction Board and the Office of Civil- 
ian Defense, made it possible to ob- 
tain water works equipment from ex- 
isting water works inventories. 

Many of the water distribution sys- 
tems have been interconnected with the 
systems of adjoining communities. In 
numerous instances the existence of 
these interconnections has provided a 
means of obtaining water from an ad- 
joining supply during emergencies and 
thus eliminated what might have been 
a serious breakdown or curtailment of 
the water supply. 

The Mutual Aid Water Supply Pro- 
gram met with instantaneous and wide- 
spread favor by municipal and water 
officials throughout the state and its 
remarkable progress toward achieve- 
ment of specific objectives has been 
due to the wholehearted co-operation 
of local water authorities and members 
of the A.W.W.A. and to the loyal and 
enthusiastic service of the zone and 
assistant zone co-ordinators in guid- 
ing and co-ordinating the work in ac- 
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cordance with well-formulated plans, 
policies and procedures. 

While many of the detailed pro- 
cedures that were adopted, such as the 
maintenance of inventories of water 
works equipment and the training of 
water works auxiliaries, will now no 
longer be needed in view of the re- 
orientation of the war effort, many of 
the fundamentals and original objec- 
tives of the program will be of value 
long after the war is over. The pro- 
gram has resulted in a closer bond be- 
tween water works superintendents 
and officials throughout the state than 
ever existed before. The frequent re- 
gional meetings of the water officials 
incidental to the program have brought 
a realization that all municipalities 
have common problems in the main- 
tenance and operation of water supplies. 

Many instances have occurred dur- 
ing the past three years where the 
program has proven of great value in 
meeting emergencies. The program 
operates so well that when emergencies 
arise needed material and equipment or 
assistance are obtained and services are 
restored without the knowledge of the 
state co-ordinator. 

Conditions have changed greatly 
since the Mutual Aid Water Supply 
Program was formulated. Our coun- 
try’s present position in the war effort 
and the greatly reduced manpower 
situation indicate that further expan- 
sion of the program is neither practical 
nor warranted at this time. It is our 
belief, however, that all water works 
authorities should make every effort 
to maintain as many of the benefits 
gained as may be warranted by pres- 
ent conditions, so that we will have 
key trained personnel and equipment 
to meet any emergency that may 
threaten the safety and adequacy of our 
public water supplies. . 
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HE war, by creating heavy in- 

creases in the demand for water, 
has affected the operations of the West- 
ern New York Water Company, just 
as it has affected operations in pri- 
vately-owned or publicly-owned water 
plants in many other areas. These de- 
mands for water have taxed the full 
capacity of the company’s facilities 
even after these facilities were ex- 
panded to the greatest extent possible 
with War Production Board priorities 
sufficiently high to procure the neces- 
sary materials. All means were taken 
to insure a high output of water and to 
conserve water for use by industries 
manufacturing war materials. To ac- 
complish this, all the company’s facili- 
ties had to be maintained in the best 
operating condition, leakage from mains 
held at a minimum and the public re- 
quested to conserve water wherever 
possible and to refrain from lawn and 
garden sprinkling during daylight 
hours. It has been the company’s first 
aim “To Keep Water Flowing to the 
War Industries” so that lack of water 
would cause no stoppage in the produc- 
tion of war material for our armed 


forces. 
Manpower 
The repairmen of this company 


work long hours in all sorts of weather 
without complaint. Whether there is 


snow, sleet, rain or icy winds, when 
there is an emergency to be met these 
men carry on their work, using their 
“Yankee ingenuity” either to avoid 
a total shut-down or to hold the period 
of shut-down to a minimum. 

The Buffalo region has been a critical 
labor area and it has been impossible 
to replace men lost to the armed forces 
The company has lost about 12 per 
cent of its manpower and the remain- 
ing men have been called on for longer 
hours of work to keep abreast of the 
maintenance requirements, increased 
by the war demand, of operating the 
plant and system at or near 100 per 
cent of its capacity. 

At the start of this period the labor 
shortage was anticipated and certain 
maintenance work which could reason- 
ably be done by contract was so or 
ganized. As an example, service re- 
pairs and replacements, repairs of 
small distribution leaks and other in- 
cidental work are scheduled to keep 
one particular contractor with a very 
small crew busy 100 per cent of the 
time. Contractors are faced with the 
same manpower problems, but with the 
full use of their equipment have beer 
able to do the work. This is well illus 
trated in the laying of 700 ft. of 16-in 
pipeline, where the crew consisted 0 
the contractor, an assistant and one 
laborer, who did all the work of ex 
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cavating, laying and backfilling. A 
sizeable emergency force of plumbers, 
contractors, etc., together with their 
equipment, has been available for emer- 
gencies in the immediate vicinity. 
These men were trained under the 
New York State Mutual Aid Program 
(see page 736, this JouRNAL). Al- 
though it has not been necessary, for- 
tunately, to call on them, their availa- 
bility has been most important, and 
there have been several instances where 
timely aid has been given either by 
nearby plants or auxiliary forces. 
Much paper work was involved in 
keeping the local Selective Service ad- 
vised on the status of the men and 
their importance to the operations. 
There are a few plants where all the 
key men, engineers and foremen are 
over draft age, so they were not en- 
cumbered with this work and worry. 
William A. McCaffrey of Oswego ad- 
vises that this is the situation there. 
Transportation Equipment 
Under ordinary conditions it has 
been found economical to replace 
trucks and automobiles at the end of 
50,000 to 60,000 mi. Under war con- 
ditions this equipment continues to 
operate after passing the 100,000-mi. 
mark. By careful maintenance of the 
trucks and cars we have been success- 
ful in preventing the loss of use of this 
equipment for any serious length of 
time. The repair expense of this equip- 
ment has necessarily been high but at 
no time has work been delayed due to 
lack of transportation equipment. To 
add to the transportation problem, 
numerous instances have occurred 
where it was necessary to haul ma- 
terials purchased froma nearby vendor, 
who was unable to furnish the usual 
transportation in the time required. 


WARTIME MAINTENANCE PROBLEMS 


Water Supply and Pumping 


War plant requirements increased 
velocities in sections of the intake pipe- 
line from Lake Erie, from 4.5 to 7.0 
fps. This increase moved foreign ma- 
terial, which had accumulated in the 
pipe over the years, into the low-lift 
pumps, increasing the problem of main- 
tenance of these pumps. Failures of 
ball bearings and shaft sleeves occurred 
more frequently. The company has 
always considered it advisable to have 
replacement bearings on hand and 
maintenance work has not been delayed 
for lack of these. The company also 
recognized the necessity of having 
close relations with a local machine 
shop, equipped to make sleeves, shafts 
and other appurtenant parts. Such ar- 
rangements were made and it has been 
possible to call on the aid of a local 
machine shop 24 hours a day. When 
the regular manufacturers of equip- 
ment could promise delivery only after 
five weeks or more, it has been possi- 
ble to get the necessary parts, in most 
cases, in a few days and never more 
than one week. Similarly, all the 
pumping equipment has been repaired 
in this manner. Critical parts that 
could not be made by local machine 
shops have been carried in stock. 

Knowing that demands for water 
would require operating the filters at 
or near a rate of 3 gal. per sq.ft., the 
company, before the manpower situa- 
tion became too critical, overhauled all 
the filters. The work was done in 
freezing weather and all material had 
to be handled inside. This required 
the overhauling to be done by remov- 
ing the filter material from one filter, 
screening and washing it and then 
storing it in portable bins erected in 
an adjacent filter box. The sixteen 
filters were repaired in the same man- 
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ner, with never more than two filters nency. Where the pressure of thy Ml 
out of service at one time. escaping water prevented the holdin 
Also, to insure uninterrupted serv- of lead wedges, soft wood wedges wer op 
ice during repairs of pumping equip- used with success. Where crackef g . 
ment and major transmission pipe- pipe occurred, shut-downs were hel pai 
lines, emergency connections were to the least possible length of time bh! on 
made between the Western New York use of large portable pumping equip. is 
Water Company system and that of ment to draw off the leaking water, yf me 
the city of Buffalo, to be used mutually — that all necessary work, up to the ac§ (qa 
by either. Only in one instance were tual replacing of the pipe itself, coul§ w. 
the pipelines of the two systems physi- be done before the shut-down. Mil 
cally connected. The other connec- John H. Burwell, Engineer of thf Sea 
tions were so designed that a stand- Schenectady Department of Water, ref che 
pipe or hydrant was erected on one ports a novel method of repairing § stat 
system adjacent to a similar installa- 6-in. main, which had sheared off amy 
tion on the other, the connection to be Not having a 6-in. split repair sleev§ Thi 
made by hose when required. Since on hand, they utilized the backs of tw§ Sta 
the hydraulic level is higher in the 6-in. X 4-in. tapping sleeves, avoiding to 1 
company system than in the city, these the necessity of cutting the 6-in. pipp avai 
hose connections allowed for the in- and using a solid sleeve. larg 
stallation of portable pumping equip- In several instances contractors whi wate 
ment. were excavating adjacent to importan§ exp. 
transmission lines, hooked services an§ Wat 
Transmission and Distribution pulled out the corporation cocks.. Th teria 
Heavy demands added also to the resulting spurting leaks were stoppe§ war 
problems of maintenance in the trans- by driving a round wooden pin, graif | 
mission and distribution lines. Be- ually tapered to a point, into the hokb ties ; 
fore 1941 about 18 mi. of transmis- Old broom handles were very useit} main 
sion mains, mostly 24 and 16 in. in in this repair, as they gave a length of great 
diameter, were cleaned not more fre- 3 to 4 ft. for driving. After the pi} mate 
quently than once a year. Since the was driven, it was sawed off flush with In 
start of the war, to insure the high — the pipe, the tapping machine centere§ ficult 
carrying capacity of these lines, clean- over the now-closed hole and the pif perio 
ings were scheduled twice a year and drilled out, the pipe retapped and 4 moto 
provisions made for more frequent new corporation cock installed. parts 
cleanings, if required. It became necessary to clean one (§ ford 
Urgent repairs of blown joints in the distribution reservoirs having 
transmission mains were usually ac- capacity of 10 mil.gal. Cleaning w 
complished without total shut-down. accomplished in a shorter time th 
These repairs at times required con- was first anticipated by using an OC) 


siderable ingenuity to accomplish under 
pressure. With a 6-in. portable gaso- 
line-driven pump, the water could be 
held down to working levels and a 
series of lead wedges were driven home 
to stop the leak sufficiently to allow 
installation of a clamp for joint perma- 


auxiliary pumping unit borrowed fror 
a local fire department. With this um 
the very low pressure in the pipelin 
leading to the reservoir could } 
boosted and water streams of hig 
velocity could be used for hydraulic r 
moval of the deposits in the reservol 
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Materials 


Due to the foresight of water works 
operators, most of the large plants had 
a sufficient stock of pipe, fittings, re- 
pair parts for valves and hydrants, etc., 
on hand for maintenance work. This 
is well illustrated by letters of com- 
ment that have been received from 
Clayton O. Johnson of Jamestown, 
W. F. Davies of Gloversville, Harry B. 
Miles of Utica, James F. Conlan of 
Scarsdale, James Harding of West- 
chester County, and others, all of whom 
state that their 1941 stock has been 
ample to meet their requirements. 
This, together with the New York 
State Mutual Aid Program, did much 
to make materials for repairs readily 
available to all water plants, small and 
large, to public services other than the 
water utilities and to industries. The 
experience of the Western New York 
Water Company was that more ma- 
terial was sold to other utilities and to 
war industries, than to water plants. 

The WPB, in granting high priori- 
ties and aiding in locating material for 
maintenance and construction, assisted 
greatly in the procurement of necessary 
materials. 

In general, materials which were dif- 
ficult to obtain and required a long 
period for delivery were pumps, 
motors, electric equipment and engine 
parts. R. Gordon Yaxley of Water- 
ford and William A. McCaffrey of 
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Oswego relate similar experiences with 


slow deliveries for this type of ma-_ 


terial. Delivery of meter repair parts 


has been slow and recently the delivery 


of joint clamps and repair sleeves of 
the rubber-gasket type has been lag- 
ging, due, of course, to vital require- 
ments of the armed forces. 


Conclusion 


During this war, many of us have — 


had to devise means for doing repair 
work in different and novel ways, some 
of which can be used to advantage 
when peace comes. Now is the time 
to analyze the work as it is being done 
during the war years, in order that we 
may profit by retaining the useful 
methods which contribute to the better 
maintenance of water works systems. 
When war restrictions and the myri- 


ads of paper forms now necessary to — 


inform governmental agencies of our 
operations and our need for materials, 
manpower and equipment are gone, the 
water works operator can again direct 
all of his efforts toward the better 
operation of his plant. It is to the 
everlasting credit of the operators of 
all plants, Jarge and small, that with 
the splendid co-operation of state and 
federal agencies, the National Board 
of Fire Underwriters, the Mutual Aid 
Program, etc., the record of continu- 
ous operation in New York State has 
been excellent. 
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Prese 


HAT are the duties of the water 
works man pertaining to the main- 
tenance of a water works system? 
Prerequisite is the ability of the man in 
charge to organize and systematize his 
water works department. Only in so 
far as the “top” man has trained him- 
self and those under him, and estab- 
lished good relationships between him- 
self, his staff and the customers, will 
his administration of the affairs of his 
department be successful. All kinds of 
complaints, justifiable and unjustifia- 
ble, are received, and they must be 
handled with a great deal of tact. The 
customer must be fully appeased and 
complaints should terminate with a 
comprehensive understanding and in 
a friendly atmosphere. 

The executive must know his water 
works system thoroughly. He must 
know where the weak spots are and 
must be planning continuously — to 
strengthen them. This is not always 
an easy task, often undertaken with 

limited funds or under a supervisory 
body inclined to “let things ride.” 

The water works man should always 
put himself “on record” with his rec- 
ommendations and his reasons for 

them. Too often, after an emergency, 
the “buck is passed” to the poor 
“super.” He has no comeback if he 
has not placed himself on record. 

He is responsible for seeing that the 
necessary equipment, tools and ma- 
terials are instantly available for mak- 

e 


By Ernest L. H. Meyer 
: Supt., Board of Water Comrs., Glens Falls, N.Y. ari 
nted on May 24, 1945, at the New York Section Regional Meeting, Albany, N.Y, 
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ing repairs as quickly as possible and 
with the least inconvenience to the 
consumer. He must therefore have 
sales tact, that he may convince his 
board of the importance of having 
these essentials on hand at all times, 
A water works maintenance depart- 
ment cannot be too well equipped and 
supplied to perform the duties required 
of it, many of which are of an emer- 
gency nature. A screwdriver, hammer, 
wrench, boat pump, a handful of nails 
and screws and a few strands of bail- 
ing wire will not do the trick. 
The head man of the water works 
should be one who has had _ some 
technical and quite a lot of practical 
training in the water works field. It 
is also important that he be free of 
political obligations. He should be 
given wide latitude in selecting and re- 
taining the personnel under his super- 
vision. This personnel for the most 
part should have experfence, be well 
trained, efficient and faithful to the job. 
The job is not an easy one, partict- 
larly where one is subject to call at 
any time, day or night, Sundays or 
holidays, regardless of weather condi- 
tions. The compensation of each 
water works employee should be ade- 
quate for the particular job held. 


Maintenance Activities 


When the system has been con 
structed and placed in operation, main- 
tenance begins. First to be cared for 
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are the watersheds and_ reservoirs. 
The watersheds comprise all of the 
lands which contribute drainage, or 
runoff, for the water supply of the 
system and as such must be rigidly 
supervised. The uses to which these 
lands can be put are restricted by rules 
and regulations enacted by the state 
health department, enforced by the 
utility and designed to protect the sani- 
tary quality of the water at all times. 
They usually safeguard against tres- 
pass, hunting, fishing, bathing, boat- 
ing, etc. Where habitation existed on 
the watersheds prior to their develop- 
ment as such, and is permitted to be 
continued after the development for 
reasons of economy, the burden of re- 
quiring sanitary conditions to be ini- 
tiated and maintained at all times is a 
function of the water works utility and 
its personnel. Therefore a constant in- 
spection of the watersheds must be 
effected to see that the rules and regu- 
lations are complied with and that all 
violations are promptly abated or prose- 
cuted when necessary. The watersheds 
must be thoroughly posted with signs 
calling attention to the fact that they 
are such, and to the regulations pro- 
tecting the land, any violations of 
which are subject to prosecution. 
These signs should be protected from 
the action of the elements and of 
rodents in order that they may be read- 
able at all times. They must be peri- 
odically inspected and renewed when 
necessary. 

Then comes the care of the utility- 
owned lands on the watershed, some 
timbered and others abandoned farm 
lands. The latter should be reforested 
to provide cover for the conservation 
of the ground waters and the retarda- 
tion of spring runoff. The natural 


forests and the reforested areas should 
be administered by a capable and ex- 
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perienced forester. The employment 


of a trained person will pay worth- — 
> 


while dividends when timber 
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reaches maturity and becomes market- — 


able. 
The fire hazard in timbered lands is 


always great and every precaution — 
should be taken to guard against it. — 
To this end well-planned, laid-out and | 


constructed roads and trails on the 
watersheds, to make every portion 
thereof easily accessible with fire fight- 
ing equipment and men, are of great 
importance. 

The work on the watersheds and 
reservoirs consists mainly of: 

(1) The repair of the roads and 
trails to keep them in good condition 
for the type of transport for which 
they may be designed, involving sur- 
face grading, cleaning of drainage 
ditches and culverts, repairing bridges, 
mowing brush beside the roads and in 
the trails, snow-plowing in the winter, 
ete. 

(2) The repair of the utility-owned 
buildings on the watersheds—roofing, 
painting, mowing brush around them, 
repairing broken windows, replacing 
decaying timbers and siding, repair- 
ing or replacing damaged and broken 
hardware, ete. 

(3) The care of the reservoir struc- 
tures—dams, spillways, intake struc- 
tures, screens, sluice gates and valves 
—involving the repair of eroded em- 
bankments, rip-rap displaced by the 
action of ice, disposal of debris which 
has fallen into the reservoirs and has 
floated to the shore lines, mowing 
brush and weeds around the edges of 
the reservoirs, mowing grass and trim- 
ming shrubbery where sown or planted, 
cutting ice around the intake structures 
during the winter months, control 
analysis of the impounded waters and 
mass treatment thereof when necessary 


7 


q 


4 
| 


744 


to control algae and microscopic or- 
ganisms, control of flow of the stored 
waters to the distribution reservoirs, 
constant vigil and labor to keep the 
water courses flowing into and_ be- 
tween the reservoirs clean and unob- 
structed, control of the waters being 
delivered from the distribution reser- 
voirs into the supply mains, chlorina- 
tion of water to control coliform or- 
ganisms, trimming and thinning the 
planted forests so that the greatest 
benefits may be derived therefrom. 
These are some of the principal ac- 
tivities which can be classified as 
“maintenance” between the source of 
the supply and the supply mains when 
the supply is surface water. In ground 
water supplies, there are wells of a 
number of types, dug and curbed or 
_ driven and cased, with constant vigi- 
- lance necessary to keep surface drain- 
away. Involved in maintenance 
are: repairs to the pumping equipment 
and the automatic devices connected 
- with them; repairs to the buildings 
housing the equipment; care of the 
a grounds around these structures, which 
quite frequently are landscaped; con- 
stant attendance to the mechanical 
— operation with its recorders and charts 
and the various units making up the 
- pumping equipment, and their sequence 
of operation under varying conditions 
demand on supply. 
Little trouble should be anticipated 
from the supply and distribution pipe- 
lines. Any serious break is recorded 
by the pressure gage and the master 
-meter of Venturi or current type. The 
pressure gage should be housed at a 
convenient central point where some- 
— one is always in attendance during the 
business hours of the day—say in the 
storehouse or the main office. <A 
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second gage with an electrically-ac- 
tivated alarm bell should be installed 
where there is a 24-hour service of 
personnel—as, for instance, the police 
or fire department headquarters. Any 
serious break in the mains will im- 
mediately be sounded by the alarm bell 
(released by the drop in_ pressure) 
and word can promptly be transmitted 
to the water works crew. The master 
meter should, of course, be installed on 
the principal supply mains so that all 
of the water diverted to the distribu- 
tion system will be measured and ac- 
counted for. Where an automatic 
chlorinator is used, it should be in- 
stalled at the master meter for control 
of the chlorine flow. 

All these mechanisms are equipped 
with recording devices which are usu- 
ally of the 24-hour type, and which re- 
quire a visit each day at a stipulated 
hour for the changing of the recording 
charts, the winding of the clock mecha- 
nisms, the filling of the recording pens 
or the adjustment of the measuring 
devices. 

The supply mains, which are usu- 
ally laid across the country, must be 
frequently inspected for minor leaks 
which have little, if any, effect upon 
the pressure gage or meter recordings. 
In the populated districts, where the 
distribution or grid system is installed, 
vigilance is not quite as important a 
factor, as anybody noticing water flow- 
ing on the surface will promptly notify 
the water works office. Mains must 
be inspected whenever a cut of any 
size is required, to determine whether 
the pipe is tuberculating on the inner 
surface. If it appears that such is the 
case, test flows must be made to de- 
termine the constancy of C in the 
Hazen-Williams formulas for flow. If 
an appreciable decrease is evident it 
will probably be necessary to have the 


V 
© 
n 
d 
tl 
it 
b 
Ci 
Vi 
ce 
cl 
ac 
ce 
o! 
su 
th 
th 
H 
be 
dr 
the 
ac 
hic 
hy 
cre 
ste 
ma 
gu 
rel 
gre 
the 
cor 
stre 
shu 
to 
eme 
inst 
be 
ice 


August 1945 


mains cleaned periodically. It is ad- 
visable to have leak surveys made peri- 
odically so that any hidden leaks that 
may have developed may be isolated, 
dug up and repaired. Gate valves on 
the system should be operated by open- 
ing and closing at uniformly spaced 
intervals of time so that any gate found 
broken, leaking or not closing properly 
can at once be repaired. The roadway 
valve boxes or manhole covers hous- 
ing the valve quite frequently become 
covered up during street repairs. <A 
close watch must be kept so that level 
adjustments for the box or manhole 
cover can be promptly made by raising 
or lowering it to the level of the street 
surface. 

Fire hydrants are always a thorn in 
the side of the water works man when 
their inspection is .his responsibility. 
Hydrant inspection, of course, should 
be frequent. If it is not, damaged hy- 
drants may. not be discovered until 
they are needed at a fire. A break may 
accidentally result from a heavy ve- 
hicle backing into or sideswiping the 
hydrant with just sufficient impact to 
crack the barrel but not to dislodge the 
stem and valve. When an attempt is 
made to use the hydrant, the water 
gushes through the fracture in the bar- 
rel, which is usually just below the 
ground level. There are many systems 
which have no gate valves installed on 
the hydrant laterals so that when it be- 
comes necessary to repair a hydrant, a 
stretch of main on the street has to be 
shut off, causing great inconvenience 
to consumers. Whenever such an 
emergency arises the opporturtity to 
install a gate valve in the lateral should 
be seized. 


Se 1CCS 


The details relative to house serv- 
ice connections are generally familiar. 
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Most common is the registration of 
complaints concerning humming sounds 
throughout the premises. Investiga- 
tion by the utility personnel usually 
discloses a leak on the line. Is it the 
obligation of the utility or the property 
owner to repair this? That question 
has to be determined. There are calls 
for service to be turned on or off. 
Often a time has to be arranged when 
the property owner may have some- 
one present during the operation so 
that there will be no question of 
whether the job has been accomplished. 
A failure to complete the operation 
may mean a damage suit against the 
utility. While the classification is not 
always agreed on, the making of new 
and renewal taps is usually a function 
of the maintenance crew. Where a 
renewal is requested, the property 
owner often wants it made at a point 
other than where the original connec- 
tion was made, which necessitates an- 
other street excavation and an addi- 
tional cost for shutting off and discon- 
necting the old service at the main. 
In previous years this requirement was 
not strictly enforced, with the result 
that leaks occasionally occur at the old 
connections, usually in the old pipe. 
It is the maintenance crew’s duty to 
locate and shut off the old connection. 

Periodical inspections of service fix- 
tures should be made in some instances, 
usually where the water rents are as- 
sessed on the “flat rate” basis. The 
purpose of the inspection is to uncover 
violations of installations on which 
rents are not being paid and to require 
the property owner to keep his fixtures 
well packed as a guard against leakage 
and consequent waste. Where water is 
sold through meters these conditions 
are not serious. However, the water 
works man then has to cope with com- 
plaints of faulty meter registration. 
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_ Any water works utility having 25 per 
cent or over of its services metered 
should own a Meter-Master. The 
_ records of this instrument of the use 
_ of water over any given period of time 
usually stop all arguments as to the 
correctness of the meter registration. 
The meter will quickly correct waste- 
ful uses by the consumer, who dis- 
covers that he pays for that amount of 
water which passes through and is 
recorded by the meter. The meter de- 
_ partment has to be well equipped for 
testing and repairing meters. This 
may be quite a busy department where 
the water supply is from surface 


Miscellaneous 

Searches for and inspections of cross- 
connections have to be frequently made 
to detect any violations and to see that 
the required check valves on such cross- 
overs are free and functioning properly. 

Surveys for lost mains and service 
pipes can become quite difficult, espe- 
cially in the vicinity of other under- 
ground utilities where the electrical 
impulses of the “finder” often stray 
far afield from the water mains and 
record instead some other and foreign 
piping. 

The keeping of all motor equipment, 
tools and machinery in first-class oper- 
ating condition, ready to go at a mo- 
ment’s notice, is an important function 
of the maintenance crew. A _ skilled 
mechanic should be in charge of this 
work and should be held strictly ac- 
countable for its condition. 590 


sources and is untreated by filtration. 


The activities of the water treatment 
plant, the author feels, are part of 
“operation” except when renewals, re- 
placements and repairs have to be 
made, and this work should be done by 
the maintenance crew. 

The maps and records of the entire 
system comprise one of the most valu- 
able of all its assets, and are especially 
important to the maintenance division, 
Without complete records its tasks 
would be most difficult and trying, 
Maps and records should be complete 
in detail and all corrections should be 
kept strictly up to date. This work 
would include the records of the loca- 
tion of all gates and service shut- 
offs by reference measurements and 
sketches ; all chart records of pressures, 
flows and treatment, as well as any 
other records which would be of in- 
estimable value in the future when 
planning for betterments and expansion 
of the system. Where these records 
are daily or weekly they can be con- 
solidated into monthly or yearly graphs 
to conserve filing or storage space. 
All records should be kept in fireproof 
vaults for protection. 

The author hopes that he has not 
digressed too far from the subject of 
“system maintenance.” It is a very 
fine line which divides the operational 
functions from those of strict mainte- 
nance in the small water plant. This 
line is probably more clearly defined 
in the larger utilities which have sepa- 
rate departments set up with their 


duties ascribed. 
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HERE was recently received in the 

office of the American Water Works 
Association an inquiry related to the 
form of organization and management 
of the electric and water utilities in 
cities where both services were owned 
and operated by the municipality. 

The inquiry related to conditions in 
cities having 50,000 or greater popula- 
tion. A survey of the situation was 
made and here follow brief statements 
outlining the plan of management and 
operation in the 23 U.S. cities of over 
50,000 where water and electric utili- 
ties are owned by the municipality. 

In Cleveland and Columbus, Ohio, 
Detroit and Kalamazoo, Mich., Lin- 
coln, Neb., and Fort Wayne, Ind., the 
municipally-owned electric utilities 
furnish only part of the electric sery- 
ices to the municipalities. Private 
electric companies also render service 
within the limits of these municipalities. 

The survey discloses that there is 
no uniform system. The manner of 
appointment of the management group 
or board for the utilities varies widely. 
There is no consistency in the degree 
of integration of the two services. 

The integration of the two services 
in the city of Kalamazoo is striking 
and will be reviewed in the JOURNAL 
at a later date. A survey of the condi- 
tions in other population groups and 
a record of the results of such surveys 
in the JOURNAL are also planned. 


Austin, Tex., has the council-man- 
ager form of government. Five coun- 


cilmen are elected biennially by popu- 


_ Management of Municipally-Owned Water 
and Electric Utilities 


lar vote. The five candidates receiving 
the highest number of votes are elected. 
The five select one of themselves to 
serve as mayor. They also select the 
city manager, city treasurer, city clerk 
and various advisory boards. 

The city manager is the chief execu- 
tive and all the main departments, such 
as utilities, finance, public works, 
health, safety, legal, etc., are adminis- 
tered and departmental heads selected 
by him. The water, electric and sew- 
erage departments form the utilities 
division, and function under the direct 
control of a director of utilities. Each 
department is headed by a_ superin- 
tendent. The accounting office handles 
water, light and sewerage accounts. At 
the present time there is no charge for 
sewerage service, except outside the 
city limits. Consequently, the number 
of sewer accounts is very limited. 
Meter readers read both water and 
electric meters monthly, and the bills 
to the customers are for both water and 
electric services. The operating funds 
for the sewer departments come from 
water and light revenues. 


Cleveland, Ohio, has a department 
of public utilities which is a depart- 
ment in the city government provided 
for by the city charter. The director 
of public utilities is appointed by the 
mayor and is a member of the mayor's 
cabinet, called the “board of control.” 
The director of public utilities has the 
control and supervision of the depart- 
ment of public utilities. The depart- 
ment of public utilities is separated 
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‘into divisions of water and heat, light 
and power, and sewage disposal, each 
_ operating under the direction of a 
commissioner. 


Columbus, Ohio, is organized under 
its present charter with three depart- 
ments, namely, service, safety and 
health. The water works, the electric 
utility and the sewage treatment sys- 
- tem are operated as separate and dis- 
tinct divisions under the department of 
public service. 


Detroit, Mich., has water and elec- 
tric utilities which are operated sepa- 
rately under the direction of boards 
consisting of four members. The 
board in each case acts as policy- 
forming body and the law stipulates 
that the active direction and manage- 
ment of the property be under the gen- 
eral superintendent of each department. 

The department of water supply 
operates the sewage treatment system 
of the city. Sewage treatment is fi- 
nanced by a surcharge on the water 
bills of those customers served by the 
sewage treatment system. The water 
department collects the revenue, ad- 
ministers the plant and pays the ex- 
penses, which include the interest and 
the principal of the sewage treatment 
bonds. The immediate head of the 
sewage treatment plant is known as the 
engineer of sewage treatment, and he 
reports to the management of the water 
department in the same manner as 
heads of the various sections of the 
water department. 


Fort Wayne, Ind., operates three 
—utilities—water, light and sewage—all 
under the supervision of a superin- 
tendent of utilities. He reports to the 
board of public works, and the board 


of public works to the mayor. The — 
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three utilities are separately operated 
with an independent department head 
in charge of each one. The three de- 
partment heads, of course, report to 
the superintendent of utilities. The 
sewage utility is separate and distinct 
from the water utility; however, the 
sewage charges are billed on the water 
invoices. 

In addition, the city has three de- 
partments, water construction, light 
construction and sewers, all under 
separate heads, who also report to the 
superintendent of utilities. 


Glendale, Calif., has the council- 
manager form of government. All de- 
partments report to the city manager 
and the city council. The city operates 
both the water and the electric utilities 
under the public service department. 
All operating and construction work of 
the department is under the supervi- 
sion of a superintendent. The city en- 
tered the business of operating its own 
electric utility by purchasing a private 
company in 1909. In 1914 it acquired 
three private water companies. The 
city has no sewage treatment plant, dis- 
posing of its sewage through an out- 
fall with the city of Los Angeles. 


Hamilton, Ohio, operates its own 
water, gas and electric facilities, but 
has no sewage treatment plant. These 
utilities are operated as a department 
of utilities under one director. Each 
branch has a superintendent. All ac- 
counting is done in the department of 
finance under a special utilities ac- 
countant, who makes a daily report to 
the director of utilities. 


Holyoke, Mass., owns the water, gas 
and electric utilities in the city. The 
water works is operated by three com- 
missioners, who are elected by the 
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board of aldermen and who have sole 
supervision of the water department. 
The department collects all water rents, 
has its own treasury and pays all its 
own bills. 

The gas and electric department also 
has a commission of three members, 
who are appointed by the mayor. This 
commission directs and controls the 
manager, who has full charge of the 
operation of the plants. The depart- 
ment collects all its own bills, but the 
receipts are turned over to the city 
treasurer and are used to pay the ex- 
penses of the plants. 

The sewers of the city are built and 


maintained by the board of public 
works, which also consists of three 
members appointed by the mayor. 


This board has charge of the construc- 
tion and maintenance of streets, side- 
walks, sewers and public buildings, the 
cost of which is paid from general taxa- 
tion and betterment assessments. 

Each of the three public departments 
is governed by statute and they are 
independent of one another. 


Jacksonville, Fla., has a system which 
is operated under the following com- 
mittees: the legislative committee, 
which consists of the mayor and the 
city council, serving in elective offices, 
for which no salary is paid; the ad- 
ministrative committee, which is also 
elective, but which does receive a salary 
and which consists of five commission- 
ers—the commissioner of public utili- 
ties; the commissioner of parks, zoo 
and finance ; the commissioner of high- 
ways, radio and airport; the commis- 
sioner of public safety; and the com- 
missioner of health sanitation. 

The department of electricity and 
water is headed by a general superin- 
tendent. There are five water pump- 
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ing stations and a number of electric 
substations. Operations are covered 
by a single administration and are— 
handled by common crews. , 

The commissioner of highway, radio 
and airport has supervision over the 
city engineer, radio and airport, and 
the city engineer has supervision over 
streets, etc., and sewers. The depart- | 
ment of public utilities has a separate 
engineering department. 


Kalamazoo, Mich., operates both an — 
electric and a water utility, with a 
single manager of both appointed by _ 
and holding office at the pleasure of the 
city manager. Consolidation and in- 
tegration has been applied to every ac- — 
tivity possible. The general office, the — 
commercial office, billing, meter read-_ 
ing, ete., are all handled by the same 
personnel. The electric utility has a 
line crew, which usually takes care of _ 
the distribution system of the electric — 
utility. However, the water wy 
owns some overhead wires (being con- 
trol wires for the control of pumping 
facilities) and the electric utility line 
crew looks after them. The water — 
utility, on the other hand, has men — 
quite familiar with underground con- — 
struction, and these same men install | 
water mains and underground electric — 
conduits. The accounting is kept — 
separate and distinct. A separate set — 
of books is kept for each utility, and _ 
every man in both organizations, from _ 
the manager down, turns in a daily © 
time slip showing the distribution of 
his time to the different accounts of | 
the two utilities. 


Kansas City, Kan., has its water and © 
light utilities, as well as a municipal 
airport, all controlled by a board of © 
public utilities. The board members — 
are local businessmen who are elected | 
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for four-year terms at an annual salary 
of $100. The board meets weekly. 
It employs a manager of production 
and distribution and a manager of col- 
lections and accounts. The operations 
of the water and electric plants are in- 
tegrated to the fullest possible extent. 


Knoxville, Tenn., has placed the pur- 
chase, production and distribution of 
electricity and water, both within and 
without the limits of the city, and the 
agencies and facilities used for such 
purposes, under the jurisdiction, con- 
trol and management of a_ board, 
known as the Knoxville Electric Power 
and Water Board. The board consists 
of five commissioners, appointed by the 
mayor and confirmed by the city 
council. Whenever a vacancy occurs 
or whenever a commissioner’s term 
expires a new commissioner is selected 
in the following manner: The city man- 
ager (or if no city manager, the mayor ) 
meets with all members of the board, 
exclusive of any commissioner whose 
successor is to be nominated at such 
meeting. Nominations are made at 
this meeting, but, before any person is 
nominated, he must receive the favor- 
able vote of both the city manager (or 
if no city manager, the mayor) and a 
majority of the commissioners who 
are eligible to attend and _ participate 
in the nomination. Before the nominee 
becomes a commissioner, he must be 
confirmed by the city council. 

The electric power and water board 
includes a bureau of water, a bureau 
of power and a bureau of accounts. 
The bureau of water controls the opera- 
tion and management of the public 
water supply system. Billing and col- 
lection for water service is handled by 
the bureau of accounts. A _ similar 
situation exists in the municipally-con- 


trolled electric utility. 
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The Knoxville sewerage system is 
under the supervision of the general 
city government and under the direct 
charge of the city engineer. There is 
no sewage treatment plant. 


Lansing, Mich., operates a combined 
water, electric and central steam heat- 
ing department. The utilities are con- 
trolled by a board of eight men who 
are appointed by the mayor and who 
serve for four-year terms. Two are 
appointed each year. The board has 
full and complete control of the utili- 
ties. It fixes rates, establishes policies 
and controls expenditures of all money; 
appoints a general manager, to whom 
all personnel is responsible and who 
has general charge of operations; and 
appoints a secretary who is responsi- 
ble for. the moneys of the board. 
Water, electric and steam heating sery- 
ice are integrated into one system, 
The water department does not operate 
the sewage treatment system, which is 
operated by the city engineer. 


Lincoln, Neb., operates a combined 
water and electric department which 
furnishes nearly all the water used in 
Lincoln, electric energy for all water 
pumping and street lighting in the city, 
and approximately 20 per cent of the 
residential and commercial electric 
business in the city. The water and 
electric utilities are by ordinance desig- 
nated as part of the department of 
parks, public property and improve- 


ments, which correspond to what is 
generally know as a public works de- 
partment in many other cities. At the 
present time, this department includes 
water and electric utilities, parks, 
streets, sewers, paving repair, plumb- 
ing and building inspection, municipal 
airport and recreation. The director 
of this department is appointed by the 
city council, and his compensation 1s 
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determined by the same body. The 
director of this department is also city 
engineer, for which duties he receives 
additional compensation. 

Sewage treatment in Lincoln is han- 
dled by Sanitary District No. 1 of Lan- 
caster County, which is a separate gov- 
ernmental agency, created by a special 
legislative act. The water department, 
therefore, has nothing to do with sew- 
age treatment. 


Los Angeles, Calif., has the coun- 
try’s largest municipally-owned water 
and power system and its general poli- 
cies are established by a board of water 
and power commissioners. Board 
members are appointed by the mayor, 
subject to approval by the city council. 
Administration of the property is 
headed by a general manager-chief en- 
gineer. In charge of the water system 
is a chief engineer of water works- 
deputy general manager, while in 
charge of the power system is a chief 
electrical engineer-deputy general man- 
ager. The auditor and controller is in 
direct charge of auditing, accounting, 
purchasing and commercial divisions 
of both the water and electric systems. 


Memphis, Tenn., owns and operates 
the Memphis Light, Gas and Water 
Division. The division is governed by 
a board of light, gas and water com- 
missioners, consisting of a president, 
a vice-president and a commissioner. 
The first two are full-time men, ap- 
pointed by the city commission for 
terms of two years. The operation is 
a joint one in some respects. For ex- 
ample, all meters are read by one meter 
department, and one billing depart- 
ment makes bills. Electricity, gas and 
water are billed on a single bill. Other 
joint activities are complaint, credit, 
meter records, cashiers, commercial 


and bookkeeping. The actual opera- 


tions and maintenance of the three utili- 
ties are separate. Each utility has a 
director. 

All sewers and matters pertaining to_ 
sewage are under the control and su- 
pervision of the city engineering de- 
partment. 


Nashville, Tenn.—The water works _ 
department is a department of the city 
government, the chief administrative 
official being the elected water commis- _ 
sioner. The active direction of the de- — 
partment is under the superintendent — 
and chief engineer-director, who is re-- 
sponsible to the elected water commis-_ 
sioner. The electric utility operates 
under a separate power board, the | 
members of which are appointed by the 
board of administration, and confirmed 
by the council. 

The city does not have a sewage _ 
treatment plant ; however, the sewerage 
system is operated under the super- 
vision of the director of public works, | 
who is responsible to the elected com-_ 
missioner of fire and public works. 


Orlando, Fla., has a utilities com- 
mission consisting of five members, 
with the mayor as an ex-officio mem- _ 
ber. The utilities commission by a_ 
majority vote nominates and the city — 
council elects all new members of the 
utilities commission and all vacancies — i 
are filled in like manner. The utilities 
commission has full authority over the — 
management and control of the electric _ 
light and water works plants in the — 
city of Orlando, and elects and dis- — 
charges at its pleasure each employee — 
of the city whose time and services are _ 
wholly employed in the discharge of | 
duties directly related to the electric 
light and water works plants. The | 
utility system of Orlando is pa 
under one general manager, with sepa- 
rate superintendents and crews for the | 
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: electric and water departments. The treatment plant. While not operated 

clerical and office work is handled by jointly, each is under the board of pub- 

the same employees, but all revenues, lic works, which is made up of the 

expenses and construction are kept superintendent of water, the superin- 

separate by allocation to the two de-  tendent of light and the city engineer, 

_ partments. The final net revenues of | who is in charge of sewage treatment, 

the two departments combine into one The superintendent of water is chair- 
accumulated surplus for accounting man of the board. 

purposes. All funds except such as ben hg 

may be turned over to the city for re- Spring field, Iil., operates water and 

tirement of bonds and donations to light properties under the jurisdiction 

general city funds are handled by the of the COSESRESSORES ol public property, 

Orlando Utilities Commission and kept and active management 1s carried on by 

by them as if privately owned. the “administrative assistant, under 

whom the superintendent of water dis- 

: Pasadena, Calif., operates both water tribution and_ the superintendent of 

and electric utilities. Each utility is a ight and power function. Staff as- 

separate department, reporting to the  sistants to the administrative assistant 

® city manager who is responsible to the are the superintendents of lake land 

. board of city directors. There is no and of new business, the auditor and 


public works department or utilities 
board. The sewage treatment plant is 
also set up as a separate department, 
reporting to the city manager. The de- 
partments co-operate with each other 
and pay for any service done by the 
other departments. 


San Antonio, Tex., operates both 
water and electric utilities; however, 
_ the two boards are separate and dis- 
tinct. In the conveyance of the water 
- company from the private concern to 
the city, about twenty years ago, a 
board of five was appointed. One 
member is the mayor, ex-officio, and 
the board is self-perpetuating. The 
electric utility is known as the “city 

public service board’? which provides 
gas and electric service. There 
‘is no connection whatever between the 
public service board and the city water 
board, except that the mayor is an ex- 
officio member of both. 


Seattle, Wash., operates a 
utility, an electric utility and a sewage 


water 


the chief chemist of the water purifica- 
tion plant. 


Tacoma, Wash., has a commission 
form of government consisting of a 
mayor, who is commissioner of public 
welfare ; a commissioner of public utili- 
ties, under whose general direction the 
light department, water department 
and belt line railroad are operated; a 
commissioner of public works; a com- 
missioner of finance; and a commis- 
sioner of public safety. The utilities of 
light, water and belt line railroad are 
each administered by a superintendent, 
independent of other departments. 
The sole source of income of the utility 
departments is from the sale of services. 

The sewer department is not oper- 
ated as a revenue-producing -utility and 
is not integrated with the Water Sys- 
tem, but supervised by the city engi- 
neer who, in turn, reports to the com- 
missioner of public works. 

The above information was received 
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ted § dustin, Tex. Albert R. Davis, Supt., Mgr., Board of Water & Electric 


ib- Water Dept. Light Comrs. 
the § Cleveland, Ohio. G. W. Hamlin, Lincoln, Neb. D. L. Erickson, Direc- 
in- Comr. of Water & Heat. tor of Parks, Public Property & Im- 
er, F Columbus, Ohio. C. B. Hoover, Supt., provements. 
nt. Div. of Water. Los Angeles, Calif. S. B. Morris, Gen. 
ir- § Detroit, Mich. L. G. Lenhardt, Gen. Mgr. & Chief Engr., Dept. of Water 
Mgr., Dept of Water Supply. & Power. 

Fort Wayne, Ind. Ralph Hoot, Supt. Memphis, Tenn. C. M. McCord, Di- 
ind of Sewage Treatment Works. rector, Water Div. 
100 § Glendale, Calif. P. Diederich, Supt. Nashville, Tenn. Robert L. Lawrence, 
ty, F of Public Service. Director, Water Works Dept. 
by Hamilton, Ohio. S. F. Kautz, Water Orlando, Fla. M. W. Brown, Gen. 
der Works Dept. Mgr., Orlando Utilities Com. 
lis- Holyoke, Mass. James L.Tighe,Cons. Pasadena, Calif. Morris S. Jones, 
olf Engr. Chief Engr. & Gen. Mgr., Water 


aS- jacksonville, Fla. F. A. Eidsness, Dept. 
ant f San. Engr., State Board of Health. San Antonio, Tex. Warren H. 


Kalamazoo, Mich. Earl E. Norman, Booker, San. Engr., City Health 
and | Mer., City Light & Water Utilities. Dept. 
a" B Kansas City, Kan. R. J. Duvall, Mgr., Seattle, Wash. W. C. Morse, Supt. 

Water Dept., Board of Public Utili- of Water. 

son ties. Springfield, Ill. S. T. Anderson, Ad- 
fq pAnoxville, Tenn. M. B. Whitaker, ministrative Asst. 
blic } Supt., Bureau of Water. Tacoma, Wash. W. A. Kunigk, Supt., 
Mich. Otto E. Eckert, Gen. Water Div. 
the AD 
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The above information was assembled by the staff at AW .W.A. head- 
om- | quarters, under the direction of the Secretary. : 
ngi OS 


= 
_ 1E three main sources of water 

supply for New York City are (1) 
the watersheds of Schoharie and Eso- 
pus creeks in the Catskills, where water 
is collected in the Schoharie and Asho- 
kan reservoirs; (2) the watersheds of 
the Bronx and Byram rivers in West- 
chester County, where the water is 
stored in Byram and Wampus ponds 
and in the enlarged Kensico Reser- 
voir; and (3) the Croton River and 
its tributaries. 

Water is collected in the 130-bil. 
gal. Ashokan Reservoir near Kingston 
from an area comprising 571 sq.mi. 
< Water from the Schoharie watershed 

is stored in the Schoharie Reservoir, 
which is a diverting basin having a 
capacity of 20 bil.gal. From this reser- 
- voir water is conveyed to the Ashokan 
Reservoir through the Shandaken Tun- 
The Catskill Aqueduct carries 
from Ashokan Reservoir 


the water 


a distribution reservoir at Hillview, 
Yonkers, from which two tunnels ex- 

_ tend through the city for the distribu- 
tion of the Catskill supply. 

- Kensico Reservoir, with a flow line 
elevation of 357 ft. and a capacity of 
-- bil.gal., was constructed about 17 
mi, north of the city to provide re- 
serve storage for use in the event of 
an interruption of the supply in the 75 
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mi. of aqueduct to the north. It js 
therefore always kept approximately a 
full capacity. The reservoir serves als 
as an equalizing basin to take care o 
fluctuations in demand over short-term 
periods. ‘The safe or dependable sup 
ply which can be obtained from the 
Catskill watersheds, combined with the 
watersheds of the Bronx and Byram 
rivers, which flow into the Kensic 
Reservoir, is 510 mgd. This depend. 
able supply is that which can be ob- 
tained over the driest periods on record 
and still leave about 25 per cent of the 
impounded storage in reserve. Under 
normal conditions of rainfall and run. 
off, however, water can be drawn upon 
to the full capacity of the aqueduct be 
tween Ashokan and Kensico, which is 
620 mgd. 

In addition to the two tunnels from 
Hillview, there is available for trans- 
portation of Catskill water from Ken- 
sico to the city a 48-in. cast-iron main, 
known as the Bronx pipeline. This 
line was originally laid in 1886 to con: 
vey water from a small reservoir on 
the Bronx River, since absorbed int 
Kensico Reservoir. 

The next most important source 1: 
the Croton River and its tributaries 
the watershed drawn upon comprising 
an area of 375 sq.mi. above the new 
Croton Dam. The water is impounded 
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in twelve storage reservoirs and six 
controlled lakes, having a total aggre- 
gate capacity of 103 bil.gal. The low- 
est and largest of these reservoirs is 
Croton Lake, with a flow line at el. 
201.50 ft.,* and a capacity of about 34 
hilgal. Water is conveyed from Cro- 
ton Lake to the city through two ade- 
ducts—the New Croton Aqueduct, hav- 
ing a capacity of 295 mgd., and the Old 
Croton Aqueduct, which had an origi- 
nal capacity of some 90 mgd., but be- 
cause of its condition the flow therein 
is now limited to about 35 mgd. The 
dependable supply from the Croton 
watershed, on the basis previously de- 
fined, is about 315 mgd., which is only 
slightly less than the combined capac- 
ity of the two aqueducts. 

‘In addition to these upland surface 
sources, the city can obtain approxi- 
mately 100 mgd. from the Long Island 
system, which comprises a number of 
well plants, infiltration galleries and 
surface ponds, these constituting part 
of the water works of the old city of 
Brooklyn system, upon which that area 
relied for its entire supply prior to the 
introduction of Catskill water in 1917. 
About 10 mgd. can also be obtained 
from well plants on Staten Island. 

Both of the Croton aqueducts and 
the Bronx pipeline are located entirely 
within Westchester County, and 
slightly less than half of the total length 
of the Catskill Aqueduct (92 mi.) is 
within the county limits. Kensico 
Reservoir and its tributary ponds and 
streams, as well as five of the most im- 
portant reservoirs on the Croton sys- 
tem, including Croton Lake, are also 
within the boundaries of Westchester 
County. 


* All elevations mentioned are referred to 
the Coast and Geodetic datum, mean level at 
Sandy Hook. 


Legal Provisions | 


Under a law passed by the state leg- 
islature about 30 years ago, and now 
incorporated as Section k41-42.0 of 
the Administrative Code of the city of 
New York, the Commissioner of the 
Department of Water Supply, Gas and 
Electricity is empowered to issue, and 
obliged to grant permits to municipal 
corporations and water districts in the 
counties of Ulster, Greene, Delaware, 
Schoharie, Sullivan, Orange, Putnam 
and Westchester, to make connections 
to and take water from any of the 
reservoirs, aqueducts, conduits, streams 
or pipes of the New York City water 
supply system. These permits are 
granted subject to reasonable rules and 
regulations which will safeguard the 
city’s interests. It is provided that all 
the work of making these connections 
shall be at the expense of the permit- 
tees and performed in accordance with 
a plan submitted to and approved by 
the commissioner, such plan to include 
the installation of proper meters to 
measure the quantity of water taken. 
The law specifies that the communi- 
ties shall pay to the city such fair and 
reasonable water charge or rate as may 
be agreed upon between them. In the 
event of disagreements the State Water 
Power and Control Commission is 
given power to fix such charges, after 
hearing all parties interested. The law 
also provides that the daily quantity of 
water taken by any community shall 
not exceed that calculated on the basis 
of the per capita consumption within 
the city. Payment for the water taken 
is on a metered basis. Prior to Jan. 
1, 1934, the rate for metered water in 
the city of New York was $1.00 per 
1,000 cu.ft., and on that date this was 
increased a flat 50 per cent, to $1.50 
per 1,000 cu.ft. At that time the rate 
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charged for water taken by the outside 
communities was 50¢ per 1,000 cu.ft. 
for Croton water and 75¢ per 1,000 cu. 
ft. for Catskill water. These rates 
were not changed at the time the city 
rates were increased. On Dec. 1, 1938, 
however, the rates to the outside com- 
munities were increased by 5 per cent, 
the charge being fixed at 523¢ per 
1.000 cu.ft. for Croton water and 78}¢ 
per 1,000 cu.ft. for Catskill water, ef- 
fective for a five-year period, to Dec. 
1, 1943. These rates have since been 
continued for an additional three-year 
period, until Dec. 1, 1946. The rates 
are based on the fixed charges and ex- 
penses of maintenance and operation 
of the water system outside of the city 
limits. These rates are believed to be 
reasonable, and no community has to 
date asked for their review by the 
‘State Water Power and Control Com- 


mission. 


Water Taken by Outside 
Communities 


In accordance with these legal pro- 
visions, twenty permits have been is- 
sued to communities to take water from 
the Catskill Aqueduct in Westchester 
County, one in Putnam County, and 
four to communities west of the Hud- 
son River. The city of New Rochelle 
and the village of North Tarrytown 
were issued permits for connections to 
take water from the New Croton Aque- 
duct. The city of White Plains, the 
village of Scarsdale and a small water 
district normally take water from the 
Bronx pipeline; Sing Sing Prison and 
the villages of Ossining, Briarcliff 
Manor and Irvington obtain a supply 
from the Old Croton Aqueduct; and 
some seven Westchester communities 
obtain their supply through connec- 


tions to reservoirs. 


In addition, the cities of Yonkers 
and Mount Vernon have jointly con- 
structed a 48-in. pipeline connecting 
to Hillview Reservoir; Mount Vernon 
thus obtains its entire supply, while 
Yonkers substantially supplements its 
own source. 

Where the distribution system is 
owned and operated by a private water 
company, a permit is granted to the 
community, which designates the com- 
pany as its agent for the distribution 
of water, but the bills are rendered to 
the communities, and they are respon- 
sible for payment. 

During the year 1944 the total 
amount of city water taken by all the 
outside communities averaged 26.5 
mgd., practically all of which was con- 
sumed in Westchester County. This 
was a marked increase over 1943, dur- 
ing which the average taken was 21.6 
mgd. The average consumption within 
the city limits for 1944 was 939 mgd. 
from the municipal system. An addi- 
tional 65 mgd. was supplied by two 
private water companies which obtain 
their water from wells. 

The principal outside consumers 
served and the amount of water taken 
by them were: the city of New Ro- 
chelle and adjacent communities, which 
took 8.8 mgd. from the New Croton 
Aqueduct; the city of Mt. Vernon, 
which drew 4.9 mgd. from the Hill- 
view Reservoir; the city of White 
Plains, which took 2.11 mgd. from the 
Bronx pipeline; the city of Yonkers, 
which drew 5.30 mgd. from the Hill- 
view Reservoir and a connection to the 
Catskill Aqueduct ; the village of North 
Tarrytown, which drew 0.96 mgd. 
from the New Croton Aqueduct; and 
the Westchester Joint Water Works 
District No. 1, supplying Mamaroneck, 
Harrison and adjacent sections, which 
drew 0.77 mgd., from the Kensico 
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Reservoir. All the other communities 
are small, and the amount of water 
taken by them varied from only a few 
thousand gallons up to a possible 300,- 
000 gpd. It is estimated that of a total 
population of 580,000 in Westchester 
County, some 260,000, or about 45 per 
cent, depend on the New York City 
system for water. 

With one exception, hereafter men- 
tioned, all the water taken by these 
communities is pumped by them, since 
the elevation of the hydraulic gradient 
in the city conduits is too low to supply 
the areas by gravity. 

The connections to the aqueducts are 
suction pipes, usually inserted in open- 
ings just above the invert or cut 
through the top of the arch, and ex- 
tended to adjacent pumping stations. 
Several connections to the Catskill 
Aqueduct were made to supply pipes 
inserted just above the invert at the 
time of its construction, but these were 
found to be inadequate in number, or 
not suitably located, and new connec- 
tions had to be cut, generally through 
the top of the aqueduct, to avoid shut- 
downs. Several connections have also 
been made to blow-off pipes, man- 


holes, ete. 
Delaware-Rondout Project 
Since the consumption of water 


within the city, together with that sup- 
plied to outside communities, has at 
times been close to or even exceeded 
the dependable supply of 935 mgd. 
from the sources previously mentioned, 
in 1937 the city commenced work on a 
project to secure an additional supply 
of water from Rondout Creek, a tribu- 
tary of the Hudson; the East Branch 
of the Delaware River ; and the Never- 
sink River, a tributary of the Delaware. 

The first stage of this project in- 
cludes the development of the Rond- 
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out and Neversink watersheds. The 
Merriman Dam to be constructed on 
the Rondout Creek, near Lackawack. 
N.Y., will impound the Rondout Reser- 
voir with a capacity of 50 bil.gal.; and 
a dam impounding a reservoir of 30 
bil.gal. will be constructed on the 
Neversink River in the village of 
Neversink. Water from the Never- 
sink Reservoir is to be conveyed to the 
Rondout Reservoir by a short tunnel, 
The combined area of these two water- 
sheds is 165 sq.mi., from which an 
estimated safe vield of 170 mgd. can 
be obtained. 

The second stage of the project in- 
volves the construction of a dam on 
the East Branch of the Delaware near 
Downsville, N.Y., impounding a reser- 
voir having a capacity of 147 bil.gal. 
A tunnel about 26 mi. long will con- 
vey the water from the East Branch 
Reservoir to the Rondout Reservoir, 
This will provide an additional supply 
of 370 mgd., making a total of 540 
mgd. for the entire project. 

As part of the first stage, there is 
included the construction of the Dela- 
ware Aqueduct, a deen pressure tunnel 
some 85 mi. in length, which delivers 
water from the Rondout Reservoir into 
the West Branch Reservoir of the 
Croton system, thence into Kensico 
Reservoir and finally into the Hillview 
Reservoir, from which distribution will 
be effected in the same manner as for 
Catskill water. 

It was anticipated that the work on 
the first stage would be completed 
some time during the middle of 1945, 
but because of war conditions it was 
necessary to suspend all work on the 
construction of the Merriman Dam, 
Rondout Reservoir and the Neversink 
project, in 1941. Fortunately, the 
Delaware Aqueduct was near enougi 
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completion early in 1942 to permit 
emergency operation. 

With the easing of wartime restric- 
tions on materials and manpower it is 
expected that the New York Board of 
Water Supply will resume work on the 
Delaware-Rondout project sometime 
later this year, but it will take at least 
four years after such work is started 
to complete the equipping and testing 
of the Delaware Aqueduct so that it 
can be safely and continuously oper- 
ated, and to complete the Merriman 
Dam, Rondout Reservoir and appur- 
tenant works. It will be at least two 
years more before the Neversink Dam, 
tunnel and appurtenant works are 
made available, and the completion 
of the entire project, including the 
East Branch works, can hardly be an- 
ticipated before 1953 or 1954. All of 
this work is being carried on by the 
Board of Water Supply and as the 
various sections are completed they 
will be turned over to the Department 
of Water Supply, Gas and Electricity 
for maintenance and operation. 


Use of Delaware Aqueduct 


The section of the Delaware Aque- 
duct between Kensico and Hillview 
reservoirs was placed in operation in 
March 1942, thereby safeguarding the 
vital section of the Catskill Aqueduct 
between these two reservoirs, and also 
providing additional capacity for the 
delivery of water from Kensico Reser- 
voir to the city. The section between 
Kensico and West Branch reservoirs 
was placed in operation a year later, on 
Mar. 3, 1943, and, although this did 
not increase the water available to the 
city, it was a valuable addition to the 
system. 

It made available the runoff from 43 
sq.mi. of Croton watershed above 
West Branch Reservoir, for delivery 


into Kenisco, thus making possible 
the use of this high-level source to the 
extent of 40 to 50 mgd. in all boroughs 
of the city, without pumping. 

The available capacity of the two 
impounding reservoirs, West Branch 
and Boyds Corners, on the West 
Branch watershed, for delivery into 
Kensico, is about 7 bil.gal. This was 
a valuable addition to the reserve stor- 
age in Kensico Reservoir for use in 
emergencies. 

The works completed at the Rondout 
site included the diversion tunnel under 
the dam and the channel below it and, 
pending the completion of the dam and 
reservoir, the Board of Water Supply 
constructed a short tunnel from this 
channel into an adjacent shaft of the 
Delaware Aqueduct, diverting the 
stream flow of Rondout Creek into it. 

On Mar. 5, 1944, Mayor La Guardia 
formally opened the gates on this tem- 
porary tunnel and started the flow into 
the West Branch Reservoir. As this 
is a stream flow without benefit of 


Storage, it is subject to wide varia- 
tions, the delivery into West Branch 


having ranged from as high as 350 


mgd. in the spring months to as little 
as 7 mgd. in summer. The average 
delivery during the past year was 72 
mgd. It is estimated that the safe yield 
from the combined West Branch and 
Rondout watersheds over the driest 
period would be about 75 mgd., of 
which about 35 mgd. would be from 
the Rondout watershed, this constitut- 
ing the net increase to the dependable 
supply of the city’s sources obtained 
by the Rondout diversion. 

The operation of the Delaware Aque- 
duct is being carried on by the Board 
of Water Supply in accordance with 
the requirements of and in co-opera- 
tion with the Department of Water 
Supply, Gas and Electricity. This 


“he 
on 
ck, 
er- 
and 
30 
the 
of 
eT | 
the 
nel, | 
ter- 
an 
can 
in- 
on 
& 
a 


operation is of a temporary and emer- 
gency nature; the control of the inlets 
at the gatehouses of West Branch and 
Kensico reservoirs is by means of 
movable stop shutters inserted in stop 
plank grooves, pending the installation 
of the permanent sluice gates. 


Operation of System 


In the operation of the system the 
various sources, as previously de- 
scribed, are utilized in the order of 
their relative economy. The high-level 
sources comprise the water entering 
Kensico Reservoir, which includes the 
flow in the Catskill Aqueduct from the 
Ashokan Reservoir and that in the 
Delaware Aqueduct from West Branch 
Reservoir, including the Rondout de- 
livery; and the runoff from the water- 
shed of Kensico itself. The water 
from Kensico is delivered through the 
Catskill and Delaware aqueducts into 
Hillview Reservoir, el. 295 ft., and 
practically all of this can be distributed 
throughout the city by gravity. 

The water delivered through the two 
Croton aqueducts, up to their capacity 
of 325 mgd., reaches the city at the 
elevation of Jerome Park Reservoir 
(133 + ft.) and only about 140 mil. 
gal. of this can be distributed by gravity 
in the low-lying areas; the remainder 
must be pumped by several electric, 
steam and hydraulic plants within the 
city, this pumpage supplementing the 
~ Catskill supply to the higher ground. 

The Long Island sources are the 
most expensive, pumping being  re- 
quired twice, and in some instances, 
three times. These sources are utilized 
only when the storage in the up-state 
reservoirs is deficient. 

The Rondout and West Branch 
— water, delivered through the Delaware 


Aqueduct, is utilized to the fullest ex- 


tent possible because of the present in- 
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adequate storage in these watersheds, 
At times, when the storage in the 
Ashokan Reservoir is below capacity, 
the use of water in volume from West 
Branch enables the draft on the Asho- 
kan to be reduced. Thus Catskill 
storage can be built up to the fullest 
possible extent, for use during the long 
summer period of heavy drawdown, 
When the Ashokan Reservoir is ful] 
and a heavy draft is also possible from 
the West Branch and Rondout sources, 
no Long Island water is used and the 
pumping of Croton is reduced to a 
minimum, thereby effecting substantial 
economies in operation. 

During the summer season, after the 
peak of storage has been passed, the 
demand on this system averages well 
over 1,000 mgd. and frequently reaches 
1,100 mgd., necessitating the use of 
both the Catskill and Croton aqueducts 
at their full capacity of about 940 mgd. 
The deficiency is made up by drawing 
on the West Branch storage and the 
Rondout delivery, and when West 
Branch becomes depleted in the fall 
and there is continued high consump- 
tion, it is necessary to do a certain 
amount of pumping on Long Island. 
Otherwise there would be an excessive 
depletion in Kensico Reservoir. 

In this connection an incident might 
be mentioned here which will be of 
interest to outside communities taking 
water from the city system. In the 
latter part of April 1944, shortly after 
the Rondout water became available, 
the storage in the Catskill Reservoirs 
was about 35 bil.gal. below capacity. 
During this period there was available 
for delivery through the Delaware 
Aqueduct, from the West Branch and 
Rondout, about 250 mgd., and, in line 
with the method of operation above 


outlined, in order to build up _ the 
Ashokan Reservoir storage, the de 
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livery into the Catskill Aqueduct was 
reduced to 250 mgd. This figure is 
equivalent to a depth of about 6} ft. in 
the aqueduct, the height of the cut and 
cover section being 17 ft. No trouble 
was experienced by the outside com- 
munities because of this reduction, 
since the suction pipes connecting to 
the aqueduct were only 2 or 3 ft. above 
the invert. An exception was the case 
of one water district, which has a con- 
nection to the Catskill Aqueduct north 
of Kensico and supplies an average of 
80,000 gpd. to several villages along 
the Hudson. This district had attached 
a 16-in. pipe to one of the town con- 
nections placed by the Board of Water 
Supply, the center of this pipe being 
about 2 ft. above the invert. The dis- 
trict also laid a 16-in. main several 
miles in length, from the aqueduct to 
the areas to be served. The elevation 
of the aqueduct here is at a level which 
would make possible the supply of 
these areas entirely by gravity, and, in 
fact, the pressure is so excessive as to 
require its reduction for distribution in 
the system. Although a depth of 64 
ft. in the aqueduct should be adequate 
to maintain a satisfactory supply, trou- 
ble was experienced, and no water was 
available, due possibly to unsatisfactory 
hydraulic conditions in the long pipe- 
line. The district contended that a 
minimum of 8} ft. would be required 
to maintain a satisfactory flow. It was 
manifestly not reasonable, with the con- 
dition of the reservoirs as described, 
to require the city to increase the flow 
in the aqueduct by 125 mgd. and have 
an equivalent amount of water flow 
over the spillway at the West Branch 
Reservoir into the lower reservoirs of 
the Croton system from which it could 
only be utilized by pumping, for the 
sole benefit of a community taking 
about 80,000 gpd. from the aqueduct. 
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A 
The district was advised to make a. 
survey of the pipeline and correct the 
hydraulic conditions, or install a low- 
lift pump which could be operated at 
times when the water in the Catskill 
Aqueduct was flowing at a depth of 
less than 8}$ ft. That the method of 
operation followed by the city was 
proper was later indicated by the fact 
that the Catskill reservoirs did not 
fill up during 1944, the maximum 
storage reached being nearly 10 bil.gal. 
below capacity. It might be stated 
that the district was not deprived of 
water during the period of low flow in 
the aqueduct, which lasted for several 
weeks, since it obtained a supply from 
an adjacent community, although at a 
somewhat higher cost. 

This incident brings up the ques- 
tion of flows to be maintained in ex- 
isting aqueducts for the needs of the 
communities connected thereto, after 
the Delaware Aqueduct has been placed 
in permanent and continuous opera- 
tion, and when the additional supplies 
of water from the new sources become _ 
available. The amount of flow in the 
aqueducts will depend on the stor-— 
age conditions in the respective water-_ 
sheds, and the demand on the system 
at the time. Although the author is. 
not in a position to speak for future 
administrative and operating officials 
of the water department, it may be as- 
sumed that the flows in the Catskill 


tained to provide adequate service to 
the communities connected to them. 


shut-down. 

The Catskill Aqueduct has now been 4 
in service for more than 30 years. It _ 
has never been shut down for a period _ 
exceeding 24 hours, and this was only — 
in the northerly sections. After the 
Delaware Aqueduct and new sources | 


- 
| 


-. become available it will be possible to 


shut down the Catskill Aqueduct for 
inspection, cleaning and minor repairs 
which have been deferred because of 
the need of maintaining it in continu- 
ous service. While a shut-down of the 
Catskill Aqueduct can be made by sec- 
tions so that all the communities will 
not be deprived of water at the same 
time, sooner or later all will be affected. 
Such shut-downs will probably last for 
some time, and may also be made on 
the Croton Aqueducts, for the pur- 
poses above stated. It would there- 
fore be very desirable for these com- 
munities to obtain alternate means of 
supply, either from the Delaware Aque- 
duct, or from some other sources. 

It is the author’s understanding that 
many of these communities have in- 
stalled connections for the interchange 
of water between their systems, and 
that, while full data on the subject are 
not available, these facilities have been 
expanded under the Mutual Aid Pro- 
gram (see page 736, this JOURNAL) 
during the war emergency. 

Recognizing the present and future 


needs of the upstate communities, and 


the possibilities of a shut-down of the 


existing aqueducts, the Board of Water 
Supply, in the design of the Delaware 


nections thereto. 


_ Aqueduct, has provided means for con- 


Since this is a deep- 
pressure tunnel for its entire length, 


no direct connections can be made to it, 
as is possible on the other conduits. 


The board has therefore provided a 


~ number of shafts which have risers 


“surmounted by caps on which there 
are outlets. Pipe connections may thus 


mains of 
“a 


be made between these outlets and the 
adjacent water systems. 
These shafts are also equipped with 


riser plug valves, so that they can be 
individually shut off without affecting 


the aqueduct as a 


whole. 
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The following are the locations of 
shafts in Westchester County which 
are to be equipped so that connections 
can be made thereto by communities, 


North of Kensico Reservoir 
Shaft 11, just south of Croton Falls 


Dam 

Shaft 13, in Katonah 

South of Kensico Reservoir 

Shaft 20, at Knollwood Road, Town 
of Greenburgh 

Shaft 21, at Underhill Road, Town 
of Greenburgh 

Shaft 22, at Crisfield Street, Yonkers 

Shaft 23, at Palmer Road, Yonkers 


Similar equipment has been installed 
for this purpose in Shaft 6, at Fish- 
kill, and Shaft 5A, just west of the 
Hudson River. 

No connection can be made to these 
shafts until certain valves and other 
appurtenances have been _ installed 
thereon, this being part of the work 
still to be done for testing and equip- 
ping the aqueduct, previously men- 
tioned, and until such work is com- 
pleted and the aqueduct turned over to 
the Department of Water Supply, Gas 
and Electricity for operation, the com- 
missioner of that department cannot 
entertain applications for connections. 

The four shafts below Kensico are 
located within the more populated areas 
of Westchester County, and the dis- 
tance between the Catskill and Dela- 
ware aqueducts here varies only about 
from 3,000 to 5,000 ft. 

In the case of small communities or 
water districts, the cost of making long 
connections to the Delaware Aqueduct 
and extending new mains in their terri- 
tories may be excessive, but it should 
be possible for several of these com- 
munities jointly to install one connec- 
tion to be utilized by all. It might be 
well to have all the communities in 
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Westchester County taking water from 
the Catskill or Croton Aqueducts es- 
tablish a joint committee of engineers 
to study this matter within the next 
few years, with a view to utilizing the 
Delaware Aqueduct as an alternate or 
emergency source of supply to the best 
advantage and at a minimum cost. 
This committee might also study and 
make recommendations with respect 
to providing additional connections be- 
tween the various systems for emer- 
gency interchange of water between 
them. The city agencies would be 
glad to co-operate in finding the best 
solution of the problem. 


as 


Bronx Pipeline 

Since the construction of City Tun- 
nel No. 2, which extends from Hill- 
view Reservoir along the easterly part 
of the Bronx, and the placing in serv- 
ice of the section of the Delaware Aque- 
duct between Kensico and Hillview, 
the Bronx pipeline is of no value in the 
city’s water supply system, and is now 
maintained solely to provide a supply 
to the several communities connected 
to it. Of these only White Plains and 
the North Castle Water District No. 1 
take water continuously through con- 
nections which are only about 2 mi. 
below Kensico Dam. 

New Rochelle, Yonkers, Mount Ver- 
non and Scarsdale have connections 
which are used only in emergencies, 
since they can obtain water from other 
connections to the city system. In 
order to eliminate the expense of main- 
tenance and operation of this long line, 
consideration is being given by the 
city to capping the main about 2 mi. 
south of Kensico Dam, the use of the 
rest of the line to be discontinued. 


Treatment of Supply 


The Catskill water is aerated and 
chlorinated as it enters the aqueduct 


at Ashokan Reservoir, again aerated _ 
and treated with chlorine at the point 
where it enters the aqueduct at Kensico 
Reservoir and, finally, chlorinated as it 
enters the two distribution tunnels at 
Hillview. 

Croton water is chlorinated as it 
enters the new aqueduct at Croton 
Lake, and again at Dunwoodie, just — 
north of the city line. The water in — 
the Old Croton Aqueduct is also © 
treated at Dunwoodie, and again at 
the 135th Street Gatehouse, Manhat- — 
tan, where it enters the sana 
system. 

The water in the Bronx pipeline is — 
chlorinated at Kensico Dam. 

Because of the existence of clay — 
banks in the Schoharie watershed, the — 
Catskill water becomes turbid at times 
to such an extent that treatment for 
the removal of this turbidity is re- © 
quired. Treatment is started when the 
turbidity reaches 9 on the silica scale, _ 
which is infrequent, and is effected by 
adding alum at a plant on the Catskill 
Aqueduct at Pleasantville and lime at 
a plant just above the influent gate- | 
house at Kensico This 


Reservoir. 


From the method of treatment as — 
outlined, it is evident that the 
sumers in communities having con-_ 
nections north of Kensico take water — 
which has been chlorinated only once, 
while the water south of Kensico re- 
ceives a double chlorination. Also, 
consumers in communities which have 
connections north of Pleasantville get | 
water which has not had the benefit of. 
turbidity treatment. The permits 
granted to communities outline the 
normal treatment which is given to the _ 
water at the proposed point of con- 
nection, but the city does not assume _ 
responsibility for the quality of the 
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supply, or for continuous treatment, 
since it is liable to interruption by con- 
tingencies beyond its control. The 
communities are obliged to install at 
their own cost such additional facilities 
for chlorination and turbidity or other 
treatment as they may deem desirable, 
or as may be required by the state and 
county departments of health. 

On the Delaware system, a_ tem- 
porary plant has been installed at the 
influent gatehouse at Shaft 17, Ken- 
sico Reservoir, which chlorinates all 
the water delivered into that reservoir 
from West Branch Reservoir, includ- 
ing the Rondout supply. 

Eventually, it is planned to chlort- 
nate the water as it enters the Dela- 
ware Aqueduct at the Rondout Reser- 
voir, again when it enters the aqueduct 
at the gatehouse at Shaft 10, West 
Branch, and finally, at the effluent gate- 

house at Kensico Reservoir, Shaft 18. 
Provision has been made for the 
treatment of turbidity for the entire 
Delaware supply at the influent gate- 
house at Shaft 17, Kensico. 
The Catskill is a very soft water, 
having a hardness of about 19 ppm., a 
alkalinity of 10 ppm., and a pH 
of 6.7; the total solids average only 
39 ppm. Because of these characteris- 

tics it is quite corrosive, and for over 

25 years the department has specified 
that all of its cast-iron pipe be cement 
lined, and recommends that communi- 

ties taking Catskill water adopt similar 
specifications. Analyses of the Rond- 
out and Delaware waters indicate that 
their chemical characteristics are very 
similar to those of Catskill water. 
Croton water is not quite so soft, its 
_ average hardness being about 49 ppm., 
alkalinity 29 ppm., pH 7.0 and total 
solids 80. An inspection of pipe carry- 
ing Croton water for 50 years indicates 
~only moderate tuberculation. 
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At present the water entering Ken- 
sico Reservoir from West Branch has 
a hardness averaging 29 ppm. and an 
alkalinity of 18 ppm. This is due to 
the admixture of Croton water. When 
the full amount of Delaware water be- 
comes available, the comparatively 
small percentage of Croton water mixed 
with it will not affect its main char- 
acteristics, as described. 


Gradients and Pressures in Dela- 


ware Aqueduct 


Although the flow line of the Rond- 
out Reservoir will be at el. 840 ft., as 
compared with el. 590 ft. for Ashokan 
Reservoir, and the Delaware Aqueduct 
is a pressure tunnel, the elevation of 
the hydraulic gradient at the shafts of 
the Delaware Aqueduct in Westchester 
County, to which connections can be 
made by communities, will not be ap- 
preciably higher than those along the 
Catskill Aqueduct. The reason for 
this is that the Delaware Aqueduct is 
also operated in conjunction with the 
Kensico and Hillview reservoirs, and 
the flow line elevations of these reser- 
voirs determine the elevations of the 
hydraulic gradient along the Delaware 
Aqueduct, on the respective sections. 
The elevations of the hydraulic gradi- 
ents at Shafts 20, 21, 22 and 23 will 
be about the same as those in the Cats- 
kill Aqueduct, being influenced by 
Hillview. The elevations of the hy- 
draulic gradients at Shafts 11 and 13 
will be possibly 4 or 5 ft. higher, being 
controlled by the elevation of the in- 
flow weir at Shaft 17, Kensico, which 
is 361 ft. However, the elevations of 
the hydraulic gradients at Shafts 5A 
and 6 will be much higher than those 
of the Catskill Aqueduct, since they 
are influenced by the elevation of the 
inflow at Shaft 9 into West Branch 
Reservoir, which is 511 ft. 
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St. Marys, Pennsylvania—Survival aii Retirement 


With Water Works Facilities 


As of December 31, 1941 mT 


HE St. Marys Water Co. is a pri- several owners. The company was ac- | 

vately-owned water company serv- quired by the Community Water Serv- 
ing the Borough of St. Marys and sur- ice Co. in 1928, the controlling inter- 
rounding territory in Elk County in the est in which passed to the American 
northwestern section of Pennsylvania. Water Works & Electric Co., Inc., 
The 1940 population of the borough — in 1936. 


was 7,653. The company secures its supply from ; 
St. Marys is primarily an industrial four sources located in different direc- 
community. It is east of the main pro- tions from the borough. Three of 


ducing oil fields but natural gas occurs _ these sources are surface supplies, aug- 
in the vicinity and is piped throughout mented at times from wells at each lo- 
the borough. It is slightly north of the — cation, and the fourth source is a well 
bituminous coal fields but there are im- — supply less frequently operated. 

portant mines some 5 mi. south. The 
important industries in St. Marys are 


Silver Creek Supply 


the manufacture of clay products, such The first source of supply, developed 
as brick, fire brick, tile and sewer pipe; in 1889, was the Silver Creek supply, 
tanneries; a foundry; an incandescent obtained at a small intake dam of timber 
lamp factory and two concerns manu- construction on Silver Creek about 2 
facturing carbon products. mi. northwest of St. Marys. This — 


It is located on the top of the divide creek has a gentle rolling watershed 
between the Allegheny and Susque- area of 1.54 sq.mi. at the intake. The 
hanna watersheds and it is necessary to original source was pumped by a steam 
pump the entire supply uphill to the plant which was abandoned in 1926. 


borough. The surface supply is augmented from 
As of the date of this study there wells, the first well being drilled in 
were 1,976 consumers serving approxi- 1895. Seven additional wells have 


mately 8,200 people within and with- been added over the years. = 
out the borough limits. Water de- 
livered to the system during 1941 Laurel Run Supply » 
averaged 0.8 mgd. or about 98 gpd. per The second supply, Laurel Run, was | 
capita. Of this amount about 49 per developed in 1898 and is obtained about 
cent was served to the industries. 3 mi. south of St. Marys from a water- 
shed area of 1.7 sq.mi. A small reser- 
voir, impounding from 2 to 3 mil.gal., 

The St. Marys Water Co. was in- is formed by a small concrete dam. 
corporated in 1889 and has been owned = Seven wells have also been drilled to 
and operated as a private system under augment the surface supply. 


Development of the Existing System 


1as 

an 

to 
1en 
be- 
ely 
ced 
ar- 
la- 
nd- 
<an 
uct 

of 
of 
ster > 

be 

ap- 

the 
for 
t is 

the 
and 
ser- 

the 
yare 
Ons. 
adi- 
will 
ats- | 

by 
hy- 
1 13 | 
hicl 
5A 
hose 
they 
the 
anch 


766 WATER WORKS ASSOCIATION Vol.37§ A 
St. PENNSYLVANIA 
8 
o No. of | Percent- | No. of | P -| No.of | Percent-| ™ Avera 
Kind Feet Feet Feet in age of 
: Installed | Total | Retired Total Service Total ition yr, x 
1 305 0.2 0 0 305 0.2 1900 41.5 8 
13 1,395 0.8 750 ta 645 0.4 1900 35.5 5 
1} 261 0.1 0 0 261 0.1 1900 41.5 y 
2 Wrought-iron 6,242 3.4 3,994 38.2 2,248 ro 1898 38.1 & 5 
4 we 6,309 3.4 4,619 44,2 1,690 1.0 1889 43.5 
5 876 | 0.5 0 0 876 | 0.5 | 1900 | 43.5 =, 
6 re. 22,969 | 12.4 511 4.9 | 22,458} 12.8 | 1897 | 426 F 2 
4 Cast-i 64,543 34.8 Sf1 5.5 | 63,972 36.6 1891 36.0 
ast-iron 30 
6 lieiagl 26,781 14.4 0 0 | 26,781 13:3 1891 35.9 
8 23,481 27 0 0 | 23,481 13.4 1907 34.5 
2 9,800 ba 0 0 9,800 5.6 1931 2.6 20 
4 Cast-iron 1,422 0.7 0 0 1,422 0.8 1931 6.1 
6 {| cement-lined | 10,774 5.8 0 0 | 10,774 6.2 1928 8.1 , 
8 10,107 5.5 0 0 | 10,107 5.8 1927 14.5 y 
‘a TOTAL | 185,265 | 100.0 | 10,445 | 100.0 {174,820 | 100.0 31.7 0 
+ ; Percentage of Total 100.0 5.6 94.4 ; 
= IG. 
Average Size, in. 5.18 3.14 5.30 \ 
Mortality Survival Ratios E 
Size, in. Kind No. of Feet Period Covered, yr. Percentage 
1-14 1,961 41.5 61.754 
2-6 36,396 44.5 74.174 
4 64,543 50.5 98.028 
Cast-iron unlined 26,781 50.5 100.000 
«8 23,481 34.5 100.000 Luh 
9,800 10.5 100.000 
Cast-iron cement-lined 1422 10.5 
10,774 13.5 100.000 locat 
10,107 14.5 100.000 Fern 
ToTaL 185,265 veloy 
erally 
well 
Wolf Lick Run Supply bination concrete and earthen danp “® " 
with concrete spillway and wasteway} 
The W olf Lick Run supply is ob- [his source, presently the larges cular 
tained from a rugged, mountainous and most important and the third it basin 
watershed of 3.28 sq.mi. in an area time of development, was put int The | 
located about 5 mi. southeast of St. service in 1908. As with the othe§ '" tl 
Marys. The reservoir, with a capacity sources, wells are also located here ané Th 
of 8.5 mil.gal., is formed by a com- are used at times. we 
* 
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Wrought-Iron Mains—St. Marys, Pa., 
Water Co. 


Base: Feet SURVIVAL: 1899-1940 


SIZE EXPOSURES RETIREMENTS 
in. | 
1-1} 1,961 750 
2-6 36,396 9,124 


Luhring Pines Supply 


This supply is secured from wells 
located about 2 mi. north of the east- 
ern end of the borough. It was de- 
veloped in 1926 and 1927 and is gen- 
erally used only when the surface and 
well supplies at the other three sources 
are inadequate. Six wells, pumped by 
air lift, discharge into an open, cir- 
cular, reinforced concrete collecting 
basin with a capacity of 100,000 gal. 
The basin also serves as a suction well 
for the pumps. 

The wells located at the several 
sources are generally 6 and 8 in. in 


ST. MARYS SURVIVAL AND RETIREMENT 


Cast-Iron Unlined Mains 
Water Co. 


SURVIVAL: 1891-1940 


St. Marys, Pa. 


BASE: Feet 


SIZE EXPOSURES RETIREMENTS 
in. ft. ft. 

4 64,543 ° 571 

23,481 0 


100 to 300 ft. deep, 
cased for from 20 to 30 ft. in depth 
and all pumped by air lift. 

No treatment other than chlorination 
is given at any of the supply points. 
Small pumping stations housing natural | 
gas, engine-driven triplex pumps for 
high-lift and air compressors for air- | 
lift pumping of wells are located at — 
each supply point. They pump the | 
supply to distribution reservoirs or to 
the system. 

From the Silver Creek supply a 6- — 
in. black wrought-iron pipeline, 4,390 _ 
ft. long, laid in 1889, extends to the _ 
North Michael Reservoir. 
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ANG 
TABLE 2 q 
100- 
SUMMARY OF METERS 
Sr. Marys, PENNSYLVANIA oo} 
Size, Kind Number | Number Number Number Average Age, 80h 
in. Installed Identified Retired in Service yr. 
) 1,989 1,841 258 1,583 12.2 70} 
2 | 112 83 18 65 14.0 
28 28 8 20 8.6 
1 ” ” - < OF 
1} > Disc 7 7 1 0 27.8 5 
1b 14 7 3 4 45 98 
15 9 5 4 6.5 
3 14 13 3 10 10.8 < 
4 2 2 1 9.5 5 aol 
TOTAL 2,182 1,991 297 1,694 12.3 
Percentage of Total 100.0 14.9 85.1 20 
Mortality Survival Ratios 10 
| 
Size, in. Kind Number Identified | Period Covered, yr. Percentage A 
4 Disc 1,841 18.5 75.949 
All 150 32.5 23.295 
TOTAL 1,991 ) 
Ba 
SIZE 
TABLE 3 is. 
SUMMARY OF HyDRANTS 
St. MARyYs, PENNSYLVANIA v6 
| Number Number Number Average Age, Mortality Survival gal. a 
Installed | Retired in Service yr. atio, % 
91 18 73 27.6 61.579 The 
Percentage of Total 100.0 19.8 80.2 aihs 
lined, 
From the Laurel Run supply a 6-in. . Che Luhring Pines supply is pumped F ty wh 
black wrought-iron pipeline, 15,200 ft. directly to the . distribution — system origin. 
long, laid in 1898, extends to the South — through an 8-in. cast-iron line, 10,1639 iron 
Michael Reservoir. it. long, laid in 1926. lined 
The Wolf Lick supply is pumped to The North Michael Reservoir, con-f gate ¢ 
South Michael Reservoir through structed in 1919, is a covered, circulat, 
an 8-in, cast-iron main, 23,390 ft. long, reinforced-concrete basin, 67 ft. in proxin 
laid in 1907. ameter by 21 ft. deep, holding 500,009 cryeq 


» 


stem 
165 


con- 
ular, 
1 di- 
),000 


100 — 100 
) 
\! Disc | 
| 
90) \ | | 
tT 80}+— 
| 3 
+4-in | 
\ 
70+ 
§ \- 2-6 in. Other | & 
« 
\ + ---—+--— 50 
z \ < 
2 \ 
z 40h 
a a 
| 
20 20}+— 
10 + —_ 10 
4 Exposures Less Than 10 Per Cent | 
of Onginals | 
0 10 20 30 40 50 60 70 n) 10 20 30 40 50 60 70 
SERVICE AGE IN YEARS SERVICE AGE IN YEARS 
Fic. 3. Mortality Survival Curve—3-6-in. Fic. 4. Mortality Survival Curve—4-in. 
Meters—St. Marys, Pa., Water Co. Hydrants—St. Marys, Pa., Water Co. 
Base: Unit SURVIVAL: 1905-1937 Base: UNI1 SURVIVAL: 1889-1940 


SIZE KIND EXPOSURES RETIREMENTS 
in. 

Dise 1841 258 

16 Other 150 39 


gal. and divided into two parts having 
separate connections. 

The South Michael Reservoir, con- 
structed in 1911, is a square, open, 
earth embankment reservoir, concrete 
lined, having a capacity of 2 mil.gal. 

The pipe system totals about 33 mi. 
to which are attached 1,976 services, 
originally largely galvanized wrought 
iron, but from 1928 to 1936 cement- 
lined wrought iron and from 1936 to 
date copper tubing. Almost all serv- 
ices are metered and account for ap- 
proximately 78.5 per cent of the water 
served to the system. 


SIZE EXPOSURES RETIREMENTS 


in. 


Basis of Study 


The records of installation and re- 
tirement of pipe and hydrants are sub- 
stantially complete from the formation 
of the company to date. The record 
of installation and retirement of meters 
through 1937 only is presented here- 
with. 


al 
Mortality Survival Study 


Mortality studies were made of 
mains, meters and hydrants. Table 1 
is a summary of the pipe installed, the 
amount retired and that still in service, 


37 suqust 1945 ST. MARYS SURVIVAL AND RETIREMENT | 
- =. 


770 i JOURNAL—AMERICAN WATER WORKS ASSOCIATION 


as well as average ages, length of 
record and other pertinent data. Fig- 
ures 1 and 2 show the mortality sur- 
vival curves covering the amount and 
sizes of pipe grouped as shown. 

Tables 2 and 3 and accompanying 
Figs. 3 and 4, represent similar data 
and curves covering meters and _ hy- 
drants, respectively. 

A brief summary of Class B facilities 
covering impounding and distribution 
reservoirs, wells and pumping equip- 
ment is given below. 


St. Marys, 


= Impounding Reservoirs 

Silver Creek Reservoir—Timber crib dam, 
maximum height 5 ft., length 24 ft.; impound- 
ing 0.15 mil.gal. Constructed in 1889; still in 
service. 

Wolf Lick Reservoir—Concrete, stone and 
earth dam, maximum height 30.3 ft., length 
200 ft.; impounding 8.5 mil.gal. Constructed 
in 1906-1907; still in service. Timber spill- 
way replaced by concrete in 1916. 

Laurel Run Reservoir—Concrete dam, maxi- 
mum height 8 ft., length 185 ft.; impounding 
2.4 mil.gal. Constructed in 1904; still in 
service. Original dam of timber constructed 
in 1898 replaced with concrete dam in 1904. 


South Michael Reservoir—Original timber 
construction reservoir, covered, partly in cut; 
30 ft. wide by 80 ft. long by 8 ft. deep; capacity 
0.10 mil.gal. Constructed in 1898; replaced 
by new reservoir in 1912. Two similar reser- 
voirs were constructed in 1902 and also retired 
in 1912 by the construction of the new reser- 
voir. The existing South Michael Reservoir 
was constructed in 1912 and is still in service. 
It is of earth embankment, uncovered, with 
concrete lining, 117 ft. square at bottom, 162 
ft. square at top, 14 ft. deep; capacity 2.0 
mil.gal. 

North Michael Reservoir—Covered, rein- 
forced concrete reservoir, 67 ft. in diameter, 


Distribution Reservoirs 


SUMMARY OF CLAss B FACILITIES 


PENNSYLVANIA 


Vol. 3 


Causes of Retirement 


There exists no complete record from 
which could be determined the cause; 
of retirement of mains, meters an¢ 
hydrants. 
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21 ft. deep; capacity 0.50 mil.gal. Con. 
structed in 1919; still in service. 

Luhring Pines Basin—Open, reinforced con/ 
crete with earth backing, receiving and sue. 
tion basin; 50 ft. in diameter by 7 ft. deep 
capacity 0.10 mil.gal. Constructed in 1926 
still in service. 


Wells 
Silver Creek 
Year 
Number Drilled Size Depth Cased 
in. 
ite 1894 6 120 25 
2 1902 8 150 24 
3 1902 8 150 24 
4 1903 8 257 25 
5 1914 8 142 25 
6 1914 8 79 25 
7 1914 8 174 25 
8 1914 8 176 25 


* Abandoned because pump room extend 
over well. 


7 Laurel Run 
1 1902 8 55 25 
Ps 1909 8 174 25 
3 1903 8 198 25 
4 1903 8 181 25 
5 1909 8 203 25 
6 1909 8 73 25 
7 1914 8 204 25 


Au 


i= 
= 


~I 
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Plung 
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Salvag 
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ol. 3 
SuMMARY OF CLAss B FAcILITIEs (contd.) 
Weils (contd.) | Pumping Equipment (contd.) 
from ; 
sual Wolf Lick Run ay Steam pump and boiler ¢ — 1889 
Plunger pump, 10” 10” 0.573 1915 
and Si Menth 50-hp. gas engine 
Number Drilled Air compressor, 18” — 1914 
_ It. 40-hp. gas engine 
1908 6 112 25 
2 1908 8 94 25 ool Laurel Run 
1908 8 119 25 Year 
4 1909 8 278 25 Iype Capacity Installed ; 
Vater} 1909 6 106 25 med. 
onnel 6 1909 6 117 25 Plunger pump, 9” X 16” 0.685 1904 
Elect 7 1925 6 107 25 100-hp. gas engine . 
Plunger pump, 8” X 10” 0.576 1898 
Luhring Pines 75-hp. gas engine 
Air compressor, 11° X 18” — 1909 
1 1926 6 172 16 40-hp. gas engine 
2 1926 6 171 17 
3 1926 6 203 24 Wolf Lick Run 
4 1926 6 163 14 Plunger pump, 73” X 16” 0.870 1907 
5 1926 6 130 22 150-hp. gas engine 
6 1926 6 130 23 Air compressor ft — 1909 
Pumping Equipment KA x 20" — 1920 
oo Year Luhring Pines 
19268 Type Capacity Installed | plunger pump, 8” X 12” 0.504 1926 
med. 100-hp. gas engine 
Plunger, no details * _ —_ 1901 Integral air compressor 
Gas engine 
t Retired 1901 and replaced by gas power. 
*Retired 1927 when new station built. t Retired 1920. Large compressor sal- 
Salvaged for $50. as, vaged for $450. 
“ased 
25 
24 
24 
25 
25 
25 
25 
25 
<tende 
25 
25 
25 
25 
25 
25 
25 
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SUMMARY OF INSTALLATIONS AND 
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Maky’s, PENNSYLVANIA 


1-IN. MAaINs 2-IN. WROUGHT-IRON MAINS 
Year Feet Year 
Installed Installed — In Service Ketired | Installed Installed In Service Retired 
. = 1890 300 300 0 
30: 30: 0 
sai 1912 350 350 0 
1923 173 173 0 
z= TOTAL 305 305 0: 1941 0 0 0 
TOTAL 6,242 2,248 3,994 
14-1IN. WROUGHT-IRON MAINS Year 
Feet In lled Feet ‘ Feet Year 
Installed Installed In Service Retired | - 1900 __ 3,810 1925 184 1938 
1900 1,097 347 750 
1913 298 298 0 4-IN. WROUGHT-IRON MAINS 
1941 0 0 0 Year Feet 
Installed Installed In Service Retired 
TOTAL 1,395 645 750 1889 4,300 0 4,300 
_— 1900 2,009 1,690 319 
1941 0 0 0 
Retirements by Years Sees 6,309 1,690 4,619 
Year 
Installed Feet Year Retirements by Years 
1900 750 1925 Year 
Installed Feet Year > 
1889 4,300 1897 
1900 319 1939 
$-IN. WROUGHT-IRON MAINS | 
5-1IN. WROUGHT-IRON MAINS 
Year Feet 
Installed Installed — In Service Retired | Year = 
1900 61 I poy I In 
0 7 7 
1 1941 0 | 1941 0 0 0 
Toran 0 | Tora 876 876 0 
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6-IN. WROUGHT-IRON MAINS 


‘ 
4-1n. Cast-IRON UNLINED (contd.) 


= 


Year Feet 
Installed Installed In Service Retired 
1897 4,546 4,390 156 
1898 14,862 14,507 355 
1900 3,023 3,023 0 
1914 101 101 0 
1926 82 
1939 355 355 =— 0 
1941 0 O 
ToTAL 22,969 22,458 511 
Retirements by Years 
Year 
Installed Feet Year 
1897 156 1919 
355 1939 


1898 


4-1n. Cast-ITRON UNLINED MAINS 


Year 
Installed 

1891 
1894 
1897 
1898 
1900 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 

1912 
1913 
1914 
1915 
1917 
1919 
1921 

1922 


Installed 
21,562 
1,400 
1,682 
760 
450 


' wit 
an 


co + 


_ Feet 
In Service 
21,441 


1,847 


Retired 
121 


Year Feet 
Installed Installed — In Service Retired — 
1923 711 711 0 
1924 2,453 2,453 4 0 
1925 1,441 1,441 + 0 
1926 1,785 «1,785 f 0 
1927 1,658 1,658 0 
1928 1,111 0 
1941 0 0 
TOTAL 64,543 63,972 571 
Retirements by Years 
Year 
Installed Feet  jYear 
1891 121 19309 
450 1936 


1900 


6-1N. CAST-IRON UNLINED MAINS 


Year Feet 

Installed Installed In Service Retired 
1891 5,612 5,612 0 
1896 : 1,440 1,440 0 
1897 «2,116 2,116 
1903 2,647 2,647 
1907 1,423 1,423 » 6 
1913 64,165 4,165 0 
1914 8,487 8,487 0 
1923 >) 0 
1924 641 641 0 
1941 0 0 

TOTAL 26,781 26,781 0 
8-1n. Cast-ITRON UNLINED MAINS 

Installed Installed In Service Retired 
1907 23,481 23,481 0 
1941 0 0 0 

TOTAL 23,481 23,481 0 


0 
94 
0 
0 
0 
94 
Year 
= 
tired 
300 1,682 0 
319 760 0 
0 0 450 
3,126 
519 45 0 
2,259 0 
1536 
3,163 
520 0 
1,596 
— 287 0 
643 0 
2,307 ga: 0 
1914 
2,074 0 
etired 766 = 0 J 
0 196 196 Q 
847 0 
i 
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2-1N. CAST-IRON CEMENT-LINED MAINS 


6-1N. Cast-IRON CEMENT-LINED MAINs 
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Installed Installed — In Service Retired | Installed Installed In Service Ketired 
1931 108 108 0 1928 660 660 0 
1936 96 96 0 1929 789 789 0 
1937 1,004 1,004 0 1930 795 795 0 
1938 1,352 1,352 0 1931 801 801 0 
1939 3,807 3,807 0 1933 2,102 2,102 0 
1940 3,433 3,433 0 1934 801 801 0 
1941 0 0 0 1935 1,731 1,733 0 
- — 1936 2,686 2,686 0 
TOTAL 9 800 9,800 0 1939 409 409 0 
1941 0 0 0 
4-1n. CAst-[RON CEMENT-LINED MAINS 10,774 10,774 0 
Year Feet 
Installed Installed — In Service Retired 
1931 26 26 0 
1934 2? 0 8-1N. Cast-[RON CEMENT-LINED MAINs 
1935 1,044 1,044 0 Year Feet 
1938 174 174 0 1927 10,107 10,107 0 
1941 0 i 9 1941 0 0 0 
Tora 1,422 1,422 0 | Tora 10,107 10,107 0 
Year core Number Year Number 
Installed Installed — In Service Retired Installed Installed In Service Retired 
1918 1935 65 65 0 
1919 1936 55 55 0 
1920 1937 10 10 0 
1921 
1922 SUBTOTAL 1,841 1,583 258 
1923 Unknown 148 0 
1924 
1925 TOTAL 1,989 1,583 —— 406 
1926 
1927 Retirements by Years 
1928 
1929 Year Num- Nun- Nun- 
1930 Installed ber Year ber Year ber Year 
1931 1918 86 1930121 1931 
1933 1919 23 1931 14 1932 10 1934 
1934 2 1935 2 1936 


Ve 
Insta 
191 
191 


191 
191; 


Year 
Install 
1914 
1919 
1920 
1924 
1926 
1928 
1929 
1930 
1931 
1932 
1933 
1936 


1937 


Year 
Installed 
1914 
1919 
1920 


Ins 
1 
— 
| 
| 


| 


—) 


| 


1934 


Year Number 
Installed Installed In Service Retired 
1915 1 0 
1916 0 
1917 4 0 
1918 0 
1919 12 12 
1920 32 
1928 
1929 : 2 
1930 1 1 
1931 8 
1934 6 6 
1937 1 1 
SUBTOTAL 83 65 18 
Unknown 29 0 29 
Tora, 65 47 
Retirements by Years 
Year Num- Num- Num- 
Installed ber Year ber Year ber Year 
1915 1 1935 
1916 3 1931 3 1932 2 1933 
1 1935 
1917 } 1931 
1918 } 1931 
1-1N. Disc METERS 
Year Nu mber 
Installed Installed In Service Retired 
1914 1 0 1 
1919 2 0 2 
a 3 5 
1924 1 1 0 
1926 1 0 
1928 0 
9290 0 
1930 2 2 0 
1931 0 
1932 0 
1933 2 iam 0 
1936 1 % 1 0 
1937 0 (OO 0 
POTAL 28 20 
Retirements by Years oe 
Year 
Installed Number Year Number Year 
1914 1 1930 
1919 2 1931 
1920 } 1931 1 


1933 


1{-1N. Disc METERS 


Year Number 
Installed Installed In Service Retired 
1905 3 1 
1909 0 
1910 2 0 
1920 1 0 
1937 0 0 
Tesan 1 
Retirements by Years | 
Installed ber Year 
1905 1 1936 
1}-1In. Disc METERS 
Year Number 
Installed Installed In Service Retired 
1905 
1913 0 
1930 0 
1934 3 0 
1937 0 0 
SUBTOTAL 4 3 
Unknown 0 7 
‘Toral 14 4 10 
Retirements by Years 
Year 
Installed Number Year Number Year 
1905 1930 
1913 1 1934 1 1935 
2-IN. Disc METERS aa 
Year Number 
Installed Installed In Service Retired 
1920 1 0 1 
1923 0 2 
1925 2 
1933 0 
1937 0 7 0 0 
SUBTOTAL 9 4 5 
Unknown « 0 6 
TOTAL 15 i.e 11 
Retirements by Years 
Installed Number Year Number Year 
1920 1931 7 
1923 1 1931 1 1933 
) 


1925 
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776 
3-1N. Disc METERS 4-IN. CURRENT METERS 
Year Number Year Number ’ 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1913 2 1 1 1914 1 0 1 
1915 0 1 1928 1 1 0 
1916 0 1937 0 0 
1920 1 0 £ 
1924 1 ° 0 TOTAL 2 1 1 
1926 1 0 
1928 3 0 ; 
1932 a 0 Retirements by Years 
1933 1 0 Year Num- 
1935 0 Installed ber Year 
1937 0 0 1914 1 1937 
SUBTOTAL 13 10 3 
Unknown 1 0 1 
PoraL 14 10 4 6-IN. CURRENT METERS 
Retirements by Years | Year Number 
Vear Installed Installed In Service Retired 
Installed ber Year 1914 1 1 0 
1913 @ 1932 ; 1937 0 0 0 
1915 4 1932 
1916 <A 1932 | TOTAL 1 1 0 
Year Number Year Number 
_ Installed — Installed In Service Retired | Installed Installed In Service Retired 
-_ 1889 40 27 13 1929 5 a 0 
1901 6 1 5 1930 1 1 0 
1903 3 3 0 1931 0 
1904 1 1 0 1933 1 a 0 
1905 1 1934 0 
1906 1 - 0 1935 0 
1997 1 1936 2 2 0 
1909 2 2 0 1937 0 0 0 
1910 2 0 
1912 2 2 ae 0 TOTAL 91 73 18 
1913 2 2. 0 
1915 3 3 0 Retirements by Years 
7. 1921 4 4 0 Year Num- Num- Num- 
192? 3 3 Installed ber Year ber Year ber Yew 
1926 3 3 ae ~~ 46 1889 2 1920 3 1928 8 1933 
& 1928 2 2- 0 1901 2 1935 3 1937 
. - > 
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Denver, Colorado—Survival and Retirement 
Experience With Water Works Facilities 


HE Denver M unic ipal Water 

Works, owned and operated by the 
municipality, serves the city of Denver 
and several outside districts, including 
Englewood, Fort Logan, Edgewater, 
Aurora and Fitzsimons Hospital. 

Besides being the state capital, Den- 
ver is regional headquarters for numer- 
ous federal activities, and is an im- 
portant commercial, distributing and 
financial center for the Rocky Moun- 
tain States. Industrial activity is not 
prominent. 

As of the date of the study there 
were 77,122 consumers receiving serv- 
ice, of which only 2,568 were metered. 
Water delivered to the system averaged 
64 mgd., serving approximately 360,- 
000 people, about 178 gpd. per 
capita. 


or 


Development of the Existing System 


The oldest works of the present sys- 
tem were built in 1870, when the popu- 
lation was 4,759. Delivery of water 
began in 1872 from a station pump- 
ing from a well near the Platte River. 
The early history of water supply in- 
cluded considerable competition 
tween several supply and distributing 
companies. The Denver City Water 
Co. (1870) and the Denver City Irriga- 
tion and Water Co. (1878) combined 
to form the Denver Water Co. (1882) 
and in 1890 this company took over the 
Domestic Water Co., which had been 
formed in 1886. In the meantime two 
other the Beaver Brook 


companies, 


Water Co. (1886) and the Mountain 
Water Co. (1888), were formed and 
consolidated with the Denver Water 
Co. to form the Denver City Water 
Works Co. (1890), which was  pur- 
chased by the American Water Works 
Co. of New Jersey in 1891. 

In 1889 an independent local com- 
pany, the Citizens Water Co., was 
formed. It continued in competition 
with the American Water Works Co. 
until 1894, when the two companies 
consolidated to form the Denver Union 
Water Co. The South Platte Canal 
and Reservoir Co. was organized in 
1894 to build the Cheesman Dam, 
which was, upon completion, leased to 
the Denver Union Water Co. 

In 1918 the existing water works 
systems were purchased by the city and 
since then have been owned and oper- 
ated by the city through a board of 
water commissioners. 

The early history of the formation 
of the existing system is important in 
this study, since it produced several 
competing systems within the same 
service areas having duplicating pipe- 
lines and other facilities. In 1896, the 
first steps were taken to eliminate du- 
plicate pipes and between that date and 
1914 a considerable portion of the du- 
plicate distribution mains were either 
taken up or abandoned. 

The sources of the supply for Den- 
ver have been developed over the years, 
with the South Platte River system lo- 
cated south of the city and the Fraser 


— 
1 
0 
0 
1 


River system, west of the Continental 
Divide, forming two independent major 


sources. 


The South Platte system secures its 
supply largely from the South Platte 
Subsidiary 


River at Intake. 


= 


Size Kind 
m. 
48 Cast-iron 
46 Concrete 
42 Cast-iron 
42 | Concrete 
41.34 | 
Cast-iron 
30 
30 Wood-stave 
30 Concrete 
30 Steel 
24 Cast-iron 
24 Wood-stave 
24 Steel 
20 46 
18 | 
16 
| 
| Cast-iron 
10 | 
| 
4 
3 Cast-iron, 
Galva- 
nized- 
iron 
“2 
it 
13} Galvanized 
1} iron 
TOTAL 


Percentage of Total 


Average Size, tn. 


No. of Feet 
Installed 


6,968 
143 
3,169 
2,483 
2,286 
14,601 
54,494 
16,862 
121,032 
6,552 
2,763 


250 | 


47,381 | 


26,511 
111,498 
34,840 
695,650 
109,953 
394,076 
1,915,355 
619,711 
389,159 


1,090} 0.0 | 


526,585 
24,046 
13,864 


10,012 | 


100.0 


(1932) 
sources 


TABLE 1 


SUMMARY OF MAINS 


DENVER, COLORADO 


Percent- | Percent- 
age ot | Retired | 
0.0 0 0.0 
0.1 0 0.0 
0.0 0 0.0 
0.1 0 0.0 
0.0 0 0.0 
0.0 0 0.0 
0.3 0 0.0 
1.1 434} 0.0 
0.1 2 S23 0.3 
0.3 0 0.0 
0.1 0 0.0 
2.3 4,523 0.5 
0.1 6,552 0.7 
0.1 0 0.0 
0.9 12,137 1.2 
0.5 354 0.0 
2.2 9,797 1.0 
0.1 0! 00 
0.7 0.1 
13:5 61,203 6.0 
| 18,267 1.8 
7.6 27,339 
37.1 | 276,424} 27.2 
12.0 | 248,064} 24.4 
7.5 79,363 7.8 
275 0.0 

10.2 | 239,524| 23.6 
0.5 15,072 1.5 
0.3 8,406 0.8 
0.2 3,997 0.4 
100.0 1,015,136 | 100.0 

19.7 
5:25 


Cherry Creeks. 
Canon (1904) and Eleven Mile 


reservoirs, 


are located on the tributaries, Bear and 
Antero (1910), 


Lake Cheesman 
(1904) and Marston Lake (1898) pro- 
vide storage on this watershed. 
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Platte 
Cafion 


Lake 


No Ree | | 
| Total lation 
| 250 | 0.0 | 1925 | 128 
6,968} O01 | 1940 | 05 
| 143} 0.0/ 1924 | 150 
3,169 0.1 | 1946 | 05 
2,483 0.0} 1924 | 163 
2,286 0.0 | 1924 | 163 
| 14,601 0.3 | 1924 15.4 
| 54,060 1.3 | 1888 | 20.1 
0! 0.0} 1888 
16,862 0.4 | 1938 2.3 
| 2,533} O14} 1928 | 12.5 
| 116,509 2.8 | 1890 | 30.2 
0 0.0 | 1889 | 
2,763 0.1 | 1911 | 27.8 
35,244 0.8 | 1880 | 244 
26,157 0.6 | 1888 | 39.1 
101,701 2.5 | 1888 | 34.5 
6,177} 0.1 | 1872 | 68.5 
33,948 0.8 | 1888 50.0 
634,447 | 15.3 1881 | 28.0 
| 91,686) 2.2} 1881 | 46.5 
| 366,737 88 | 1881 | 28.5 
[1,638,931 | 39.5 | 1878 | 36.4 
| 371,647} 9.0) 1878 | 49.7 
| 309,796! 7.5 | 1881 | 11.0 
| 
815 0.0 | 1907 | 33.5 
287,061 | 6.9 1884 | 206 
8,974! 0.2 | 1890 | 31.3 
5,458 0.1 | 1890 | 32.7 
6,015 0.1 | 1895 | 317 
4,147,421 | 100.0 32.1 
80.3 
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Mortality Survival Ratios 
an Size, im, Kind No. of Feet Period Covered, yr. Percentage 
ike Galvanized-iron 47,9 922 45. 5 32.894 
Cast-iron, 916,834 58.5 0.000 
4 | 619,711 62.5 59.142 
6 | 1,915,355 62.5 82.943 
8 > Cast-iron 394,076 59.5 88.908 
10 and 12 | 805,603 59.5 87.455 
= Over 12 421,696 68.5 86.507 
SUBTOTAL 5,121,197 
Other Kinds 41,360 
ToraL | 5,162,557 
4 
SUMMARY OF CONDUITS 
DENVER, CoLoRADO 
3 — 
a Size Kind No. of Feet No. of Feet No. of Feet Year of First | Average Age, 
in. Installed Retired in Service Installation yr. 
P 84 | Concrete | 619 | a 0 619 1925 15.5 
4 72 Concrete Tunnel | G6 it © 66 1911 29.5 
1 66 | Concrete 31,471 | 31,471 | 1925 15.5 
5 66 Steel 4,873 | 0 4,873 1925 12.6 
66 W ood-stave 65,024 | 12,597 1925 12.8 
0 63 | Steel 17,563 | 0 17,563 1938 2.5 
0 60 | Cast-iron 67 | a 0 67 1911 29.5 
60 Concrete 57,722 | 57,722 1930 10.5 
3 60 Steel 1,179 0 1179 | 1911 28.7 
x 60 Wood-stave 13,083 714 12,369 | 1911 28.5 
7 57 Steel 12,581 | 0 12.53) | 1938 2.5 
34 | Concrete 69,915 | 662 69,253 | 1921 13.4 
R 54 Steel 8,936 | 0 8,936 | 1925 $35 
31 | Steel 6,344 | 0 6,344 1938 2.5 
48 Cast-iron 23702 | 1,743 479 1910 24.6 
§ 48 Steel 8,784 | . 3,345 5,439 1910 15.5 
6 48 | Wood-stave 152,207 | 99,676 | 52,531 1884 28.6 
3 44 | W ood-stave 8,517 7,346 | 1,471 1893 47.5 
7 42 | Cast-iron 541 0 541 1899 36.6 
1.7 42 | Concrete 20,550 | 0 20,550 1938 2.5 
42 Steel 45,613 45,613 1938 25 
| 40 =| Wood-stave 114,256 110,819 3,437 1884 9.5 
38 Concrete Tunnel 12,336 | dae 4,614 1893 47.5 
36 Cast-iron 36,228 | 1,496 34,732 1884 18.0 
36 | Concrete 2,892 | 0 2,892 1907 29.0. 
36 Steel 244 0 244 1938 
36 Wood-stave 11,250 | 7,306 3,944 | 1899 29.8 
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TABLE 2 (contd.) 


Size, | = | No. of Feet | No. of Feet No. of Feet Year of First Average Ag: 
in. | Kind Install d | R tired Install ition 
34 Steel 4,162 0 4,162 1893 23.1 
34 Wood-stave 96,076 51,534 44,542 1893 3.3 
30 Cast-iron 22,530 1,134 21,396 1890 46.8 
30 Concrete 26,303 0 26,303 1939 We. 
30 Steel 3,567 2,936 631 1929 2.5 
30 Wood-stave 161,465 134,517 26,948 1890 29.2 
16 Cast-iron 1,941 0 1,941 1939 | 
16 Steel 300 0 300 1933 ia 
TOTAL 1,021,427 443,547 577,880 16.9 
Percentage of Total 100.0 43.4 56.6 
Average Size, in. 43.8 38.5 49.6 
: Mortality Survival Ratios * 
Size, in. Kind No. of Feet Period Covered, yr. Percentage 
16-60 _ Cast-iron 63,529 51.5 84.414 
30-84 Concrete 236,471 33.5 99.205 
16-66 Steel 119,442 47.5 37.459 
24-66 Wood-stave 630,948 56.5 9.526 
‘TOral 1,050,390 


» . . . . . . . . . 
y, - “ Including distribution mains other than cast-iron. Concrete-lined tunnel not included, 


Cheesman and Eleven Mile Canon 
reservoirs each impound about 26 bil. 


gal. 

The intake (1912) on the South 
Platte receives the flow from Lake 
Cheesman and Eleven Mile Canon 


Reservoir and diverts it through a con- 
duit to the Platte Canon Reservoir and 
Marston Lake. Harriman and Soda 
lakes, supplied from 
auxiliary to Marston Lake. The sup- 
ply from Cherry Creek (1888) is inde- 
pendently secured from an infiltration 
gallery and is serviced directly to the 
city. 

The supply from the South Platte 
system is purified at Waterton by the 
Kassler slow sand filters, of 30-mgd. 


3ear Creek, are 


capacity (1903), located near Platte 
Canon Reservoir and in the South Side 
Marston filter plant (1894), capacity 
21 mgd,, and the North Side plant 
(1925), capacity 64 mgd., both rapid 
sand filtration plants. 

The Transmountain Water 
sion, or Fraser River system, first pro- 
jected in 1914, was initially placed in 
service, through the completion of the 
Moffat Tunnel, in 1938. The diver- 
sion of the Vasquez, Buck and Jim 
creeks and the Fraser River provides 
the supply through the Moffat Tunnel 
which is 6.3 mi. in length with an inside 
diameter of 10.5 ft. From the Moffat 
Tunnel the water flows down South 
Soulder Creek to an intake where it & 


Diver- 


Tors 


diverte 
and th 
Moffat 
rapid 


7 
To 
of 1 
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TABLE 3 


SUMMARY OF VALVES 


Ag: DENVER, COLORADO 
Size, = Number Number Number | Year of First Average Age, 
in. Installed Retired in Service Installation 
48 4 4 1925 
42 4 3 1924 
| 36 22 0 22 1924 
30 45 oe 44 1888 
24 150 143 1890 
20 48 43 1881 
) 18 42 1 41 1890 
oon 16 150 10 * 140 1890 
15 8 0 8 1872 
an 14 74 9 65 1890 
12 1,820 86 1,734 1883 
= 10 263 24 239 1890 
8 1,311 47 1,264 1883 
6 5,475 379 5,096 1880 
4 943 277 666 1881 
ge Ag 783 161 622 1881 
3 1 2 1907 
2 1,129 518 611 1890 
60 23 1892 
1} Mo 16 18 1890 
1 30 11 19 1895 
TOTAL 12,398 10,821 
uded. Percentage of 
of Total 100.0 17 87.3 
atte Mortality Survival Ratios 
Side Size, in. Number Period Covered, yr. Percentage 
acity -——|——— ~|—-—— 
slant 124 45.5 
1,915 
P 943 52.5 
iver: 8 1,311 89.290 
pro- 10 and 12 2.083 a 91.227 
Over 12 547 68.5 68.298 
Tora 12,398 
‘iver: 
Jim 
vides 
nnegdiverted to Ralston Creek Reservoir A system of conduits from the filter 


nsideg 2nd thence through a conduit to the plants carries the filtered water to the 
offag Moffat filter plant, a recently built city, where there are located three dis- 


southfapid sand plant of 56-mgd. capacity. tribution reservoirs, the 35-mil.gal. 
1 ‘ 
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TABLE 4 
SuMMARY OF HypRANTS, HyDRANT VALVES AND LATERALS 
DENVER, COLORADO 
Numbe Numbe Numbe tortality 
Identified | Retired | in Service'| First. Ratio 
Hydrants, each 
4 612 243 369 1885 41.5 51.622 8 __ 
6 4,298 132 4,166 1889 34.9 94.676 
Tora 4,910 375 4,535 35.4 iad 
oe of Total 100.0 |. 7.64 92.36 Cay 
Hydrant Laterals, ft. pipe Res 
4 (Cast-iron) 6,633 2,185 4,448 1889 43.8 \ 
6 (Cast-iron) 53,300 2,369 50,931 1889 35.4 Moi 
TOTAL 59 933 4,554 55,379 36.0 of t 
. 
trict 
Percentage of Total 100.0 7.60 92.40 
Hydrant Valves, each Rive 
4 498 177 321 1889 36.6 | fron 
6 4,487 194 4,293 32.6 Ti 
Tora 4,985 | 371 4,614 32.9 
cast- 
Percentage of Total 100.0 7.44 92.56 crete 
= eter. 
are a 
diam 
4 TABLE 5 ge 
, Re; SUMMARY OF LEAD SERVICES 7 small 
DENVER, COLORADO syste 
B ta 
es Numbe Numb Numbe Year of First | Average: 
3 5,121 921 4,200 1875 49.7 systet 
33,661 1,739 31,922 1875 36.7 most. 
_ Z 33,821 1,027 32,794 1875 19.1 
2,164 135 2,029 1875 32.0 Basis 
312 12 300 1887 22.5 
a 480 28 452 1888 35.7 The 
2 144 10 134 1881 34.7 : 
ing 
3 26 4 22 1900 160 pe 
TOTAL 15,429 3,876 71,853 29.2 gare s 
Percentage of Total 100.0 | 94.9 tion. 


mains 


7 ol. 


rtality 
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TABLE 5 (contd.) 


“Mortality Survival Ratios 


Size, in. Number Period Covered, yr. 
5,121 
33,661 65.5 
ita 33,821 65.5 
1-3 3,126 65.5 
TOTAL 75,729 
Capital Hill Reservoir (1888 and 


1907), the 41-mil.gal. Ashland Avenue 
Reservoir (1891) and the 5-mil.gal. 
Montclair Reservoir. Pumping. sta- 
tions with electrical equipment at each 
of these points serve the higher dis- 
tricts, while the business section and 
the lower portions along the Platte 
River receive their supply by gravity 
from the South Platte system. 

The transmission or conduit system 
consists of approximately 115 mi. of 
cast-iron, wood stave, steel and con- 
crete pipe from 16 to 84 in. in diam- 
eter. In the distribution system there 
are approximately 13 mi. of 1- to 48-in. 
diameter pipe outside the city and 777 
mi. within the city. Except for the 
smaller galvanized-iron mains, the pipe 
system consists almost entirely of Class 
B tar-coated cast-iron pipe laid with 
acover of 43 ft. There are over 15,- 
400 valves and 4,500 hydrants in the 
system. The 77,000 services are al- 
most entirely of lead. 


Basis of Study 


The records of the system pertain- 
ing to distribution and transmission 


mains, valves, hydrants and services 
are substantially complete from the 
original date of construction or installa- 
tion. The early wood distribution 
mains are not included in this study. 


Record drawings of the pipe system, 
with card index records of valves and — 
hydrants, are available. The city has a 
complete record of service installations 
and retirements. No attempt was made 
to compile the record of Class B facili- 
ties, or of the few-meters in the sys- 
tem. 


Mortality Survival Study 


Mortality survival studies of the 
transmission and _ distribution pipe, 
valves, hydrants and hydrant laterals 
and services were made. Table 1 is a 
summary of all the distribution pipe in- 
stalled and retired and data relating to 
the average ages of the surviving pipe, 
length of record, average sizes and 
mortality survival ratios. Table 2 is a 
similar table pertaining to the conduits 
Figures 1, 2 and 3 show the mortality 
survival curves for the facilities cov- 
ered by the respective tables. 

While generally in these studies the 
mortality survival curves have been 
based upon the mortality effects of the 
entire retirement history of the facili- 
ties studied, in the case of Denver there 
have been drawn on Fig. 1 the mor- 
tality survival curves for 4- and 6-in. 
pipe, based on the retirements which 
have taken place in the 20-year period 
from 1920 to 1940. The reason for 
the very great difference in the ar 


— Percentage 
4 
81.284 
89.314 
82.250 
88.600 
1.117 
3.114 
9.236 
1.847 
ge Age 
yr. 
9.7 
6.7 
9.1 
20 | 
6.0 


100 
10 and 12-in. "T= 6.in 
\\ \4-in* 
70 
\\ 
| \ 
7 \ 
VX 
\ 4-in 
= 
j 
3 | 
\ | \-15-in 
| 
| 
a Less Thon 10 Per Cent | 
of Originals | 
18) 10 20 30 40 50 60 70 
SERVICE AGE IN YEARS 
Fic. 1. Mortality Survival Curve—1-48-in. 


Mains 


Base: Feet 


Denver, Colorado 


SuRVIVAL: 1872-1940 


1920-1940 
Expo- RETIRE- 
SIZE KIND SURES MENTS 

in. ft. 
1-13| Galvanized- 47,922 27,475 
2-3 f Iron 916,834 319,162 
) 466,174 94,527 
4 619,711 248,064 
6* 1,690,190 51,259 
6 ‘Cast-Iron 1,915,355 276,424 
7 8 Unlined 394,076 27,339 
and 12 805,603 79,470 
Over 12 421,696 28,137 


* Retired 1920-1940. 


tive curves is due almost entirely to the 
retirement, either by the removal or 
the abandonment of the pipe, of some 
of the duplicate mains arising from the 
competing systems serving the terri- 


tory in its early history. 
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100 
| 
| 
| 16-60-in. Cast-Iron 
| 
5 16-66-in. Steel in| 
\ 
| 
= 40 ‘ ! 
' 
| 
\ 
20 
| 
& Exposures Less Than 10 Per Cent 
of Originals | 
0 10 20 30 40 50 60 % 


SERVICE AGE IN YEARS 


Fic. 2. 
Transmission Mains 


SURVIVAL: 1884-1940 


Mortality Survival Curve—16-84-in, 
Denver, Colorado 


Base: Feet 


Expo- RETIRE: 
SIZE KIND SURES MENTS 
in. ft. ft. 
16-60 Cast-Iron 63,529 4,373 
24-66 Wood-Stave 630,948 433,574 
30-84 Concrete 236,471 662 
16-66 Steel 119,442 6,281 


Table 3 is a summary of the dis- 
tribution valves and appurtenant data 
and Fig. 3 shows the corresponding 
mortality survival curves. 

Table 4 and Fig. 4+ give the similar 
data applicable to hydrants and_hy- 
drant laterals and valves. 

Table 5 and Fig. 5 show similar 
studies of the lead services. 

The basic data covering the installa 
tions and retirements are appended 
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& 
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| 
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tem. 

is avai 


|_| 
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\ \ Sy Over 12-in 
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; 
> 
2 
2-3-in 
4 Exposures Less Than 10 Per Cent = 
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0 10 20 30 40 50 60 70 
SERVICE AGE IN YEARS 

Fic. 3. Mortality Survival Curve—1-48-in. 


Gate Valves—Denver, Colorado 


Base: Unit 


SuRVIVAL: 1872-1940 


Expo- RETIRE- 
SIZE SURES MENTS 
in. Units Units 
124 7 50 
1,915 680 
943 277 
5,475 379 
1311 47 
2,083 110 
547 34 
Causes of Retirements 


The records of the department in- 
dicate substantially the number of cast- 
iron pipe units which have been taken 
out and those which have been aban- 
doned since the inception of the sys- 
tem. A similar division of retirements 
is available for gate valves. Table 6 


100 
6-in. Hydrants 
= 6-in. Laterals 
90 
6-in. Valves 
80}— + + + + — 
4-in. Laterals| 
70 
Ww 
4-in Hydrants 
a 
= 50-+-—— 
$ ‘4-in. Valves 
> 
= 
20 
10 
| | 
4 Exposures Less Than 10 Per Cent 
of Onginals 
i?) 10 20 30 40 50 60 70 
SERVICE AGE IN YEARS 
Fic. 4. Mortality Survival Curve—4-6-in. 


Hydrants and Appurtenances— Denver, 
Colorado 
Base: Unit SuRVIVAL: 1889-1940 
Expo- RETIRE- 
SIZE SURES MENTS 
in. Units Units 
Valves 4 498 177 
6 4,487 194 
Laterals © 4 6,633 2,185 
6 53,300 2,369 
Hydrants 4 612 243 
j 


shows the footage of cast-iron pipe 
identifiable as to whether it was taken 
out or abandoned, divided into two 
periods, from the beginning to 1914 
and from 1914 to 1940. The first 
period covers the time when duplicat- 
ing mains were actively being elimi- 
nated. It is estimated by department 
officials that, in their tenure of office, 


\ 
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TABLE 6 
oF Cast-IRON PipE TAKEN OuT OR ABANDONED 4 
DENVER, COLORADO 
To 1914 1914 to 1940 Total Period er 
‘Size in, Percent- Percent- Per 
Fee Fee F F F F cent. 
Taken A be - Taken A - Taken A AM 
4 Out doned Out doned Out doned 
4 94,880 | 13,638 12.6 12.657 | 94,007 88.1 |107,537 |107,645 50.0 : 
6 210,036 3,209 36,430*| 25,460 41.1 |246,466*) 28,669 10.4 
8 | 27,707] 496] 1.8 | 6,390} 3,897] 37.9 | 34,097} 4,393 114 
0 17,200 0 0 333 732 | 68.7 | 17,533 732} 4.0 ol 
12 41,817 519 12 7,389 1,391 15.8 49,206 1,910 3.7 92 
14 678 0 0 125 62 33.2 803 62 7.2 
16 8,555 0 0 438 472 | 51.9 8,993 46% 
18 140 0 0 24 0 0 164 0 0 
20 7,960 1,001 | pe 2,459 570 18.8 10,419 1,571 13.1 20+ 
24 3,252 0 0 1,065 227 17.6 4,317 227 
30 168 0 0 640 0 0 808 0 ‘fs 
ToTraL /412,393 | 18,863 4.4 67,950 {126,818 65.1 |480,343 |145,647 
* Includes 1,287 ft. of 6-in. pipe sold. Estimated 80 per cent of cast-iron pipe taken oy 
is salvaged and relaid. Fic. S 
I 
Retirement of Pipe Due to Parallel Mains Following Consolidation of Companies — Bas 
-l No. of F F Tak F F Feet Remai 
Company 1894 Out Retired in 1914 SIZE 
in 
American Water Works Co. } 
Conduits 55,097 0 0 0 55,097 
an Distribution mains ®: 1,241,772 | 283,958 0 283,958 957,814 3 
Beaver Brook and Mountain ; 
Water Co. 
Distribution mains 215,619 0 0 215,698 Tabl 
74 valves | 
Citizens Water Co. vate out in t 
Conduits 236,861 5,032 5,343 10,375 226,488 
Distribution mains 515,914 | 183,264 354 183,618 332,29 
TOTAL 2,265,263 472,254 5,697 477,951 1,787,312 


approximately 80 per cent of all cast- sis of the retirements of parallel mait 
iron pipe taken out has been salvaged brought about by the consolidation 
and reinstalled in other locations. competing water distribution co 
There is included in this table an analy- panies. 


a 


emait 
1914 


1,097 


1,619 


| 
| | 
70 
co 
| 
| 
at — 
30 | 
+ 
A Exposures Less Than 10 Per Cent | 
of Originals 
0 10 20 30 40 50 60 70 
SERVICE AGE IN YEARS 
Fic. 5. Mortality Survival Curve—}-3-in. 
Lead Services—Denver, Colorado 
Base: Unit SuRVIVAL: 1875-1940 
ExPo- RETIRE- | 
SIZE SURES MENTS 
: 
in. air Units 
921 
1,739 
3 33,821 1,027 
1-3 189 
Table 7 gives the proportions of gate 


valves identified as abandoned or taken 

out in the period from 1914 to 1940. 

PMG 

ir 
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TABLE 7 wt 

vt 


SUMMARY OF IDENTIFIED VALVES | 
TAKEN OuT OR ABANDONED, 1914 To 1940 
DENVER, COLORADO 


Numbe Numbe Percent 
Size, in. | taken Out | Abandoned | Abandoned 
4 101 126 55.5 
6 174* 47 ya 
8 28 5 15.2 
10 14 0 0 
12 27 0 
14 3 0 0 4 
18 1 0 0 . 
20 3 1 5.0 
24 5 0 0 
30 1 0 
42 1 0 0 
Tora. 358 179 33.3 


s one 6-in. valve sold. 


rcent. 
| 
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| 
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SUMMARY OF INSTALLATIONS AND RETIREMENTS 


DENVER, COLORADO 


18' 
1-IN. GALVANIZED-IRON MAINS 1}-IN. GALVANIZED-IRON MAINS 18° 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retire 19¢ 
1895 655 466 189 1890 680 0 680 190 
1901 817 92 725 1898 465 465 0 190 
1902 600 600 0 1903 1,385 1,015 370 190 
1904 1,473 242 1,231 1904 2,967 387 2,580 190 
' 1905 325 0 325 1905 595 0 595 190 
- 1906 288 288 0 1906 1,801 274 1,527 190 
1907 1,097 650 447 1907 1,419 886 533 191 
1908 1,014 1,014 0 1908 1,602 1,038 564 191 
1909 697 328 369 1909 566 0 566 191: 
1910 892 806 86 1911 361 361 0 191. 
1911 709 405 304 1914 136 136 0 
: 1912 225 225 0 1915 110 110 0 
1913 140 0 140 1917 413 96 317 f Year 
- 1914 144 144 0 1918 440 440 08 Install 
1917 469 288 181 1919 173 173 0 800 
1923 35 a0 0 1923 81 7 74 a 
1924 48 48 0 1926 606 6 600 1896 
1929 124 124 0 1927 5 5 0 1898 
1931 250 250 0 1933 39 39 0 1903 
1938 3 3 0 1936 20 20 0 1904 
7 7 0 1940 0 0 
1940 0 0 0 1906 
— —— —— TOTAL 13,864 5,458 8,406 1907 
‘ Porat 10,012 6,015 3,997 1908 
Retirements by Years — 
Retirements by Years Year 
Year te Installed Feet Year Feet Year Feet Yew 
Installed Feet Year Feet Year Feet Year 1890 680 1922 
1895 189 1926 1903 370 1931 Year 
. 1901 425 1926 300 1927 1904 1,850 1923 730 1926 Installea 
1904 500 1925 30 1926 58 1927 1905 350 1923 245 1928 1884 
300 1931 343 1938 1906 155 1925 330 1926 372 192%— 1890 
- 1905 325 1939 400 1930 270 1936 1891 
1907 227 1924 140 1931 80 1935 1907 203 1923 330 1931 1892 
1909 168 1925 201 1935 1908 564 1936 1893 
1910 86 1929 1909 229 1925 144 1930 193 194 1894 
; 1911 304 1928 7 7 1917 29 1924 288 1931 1896 
1913, 140 1923 1923 74 1930 1897 
1917 181 1927 1926 600 1938 1898 
1899 


Au 


— 


1924 
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Year Feet 


1}-IN. GALVANIZED-IRON MAINS 


Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1890 355 0 355 1914 301 301 
1892 1,559 ' 0 1,559 1915 397 397 
1896 567 0 567 1916 325 
1898 931 4 0 931 1917 a 121 
1902 454 454 0 1918 182 182 
1903 211 168 43 1924 121 
1904 2,068 0 2,068 1925 0 
1905 1,322 537 785 1927 25 
1906 775 0 775 1929 : 0 
1907 2,341 1,469 872 1930 om ON 
1908 3,286 1,434 1,852 1932 wg iQ 
1909 2,030 1,190 840 1934 oe = 
1910 2,971 1,450 1,521 1936 16 0 
1911 666 666 0 1940 5 5 0 
1912 2,588 1,156 1,432 
1913 122 122 0 TOTAL 24,046 8,974 15,072 
Retirements by Years 
Year | Year 
Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year 
1909 140 1926 46 1928 654 1929 
1892 1,559 1923 1910 737 1926 784 1930 
1896 567 1925 was 1912 1,311 1926 121 1928 
1898 931 1926 1914 256 1928 45 1931 
1904 768 1923 1230 1927 70 1931 1916 325 1926 
1905 200 1924 585 1929 mit 
1906 475 1926 300 1930 1918 182 192700 
1907 150 1925 699 1928 23 1939 1924 121 1935 
1908 277 1924 359 1925 280 1928 1927 25 1935 
500 1930 350 1938 86 1940 
2-IN. GALVANIZED-IRON MAINS 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1884 335 0 335 1901 495 i) 495 
1890 1,230 1,230 0 1902 2,310 0 2,310 
1891 1903 2,629 1,418 1,211 
1904 10,824 3,325 7,499 
1905 11,390 4,532 6,858 
1906 12,209 3,824 8,385 
1907 5,933 1,094 4,839 
1908 20,998 10,604 10,394 
1909 31,342 14,271 17,071 
1910 20,648 6,733 13,915 


= 


Year 


1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 


Year 


1884 
1892 


1893 
1894 
1896 
1897 


1898 
1899 
1901 
1902 
1903 
1904 


1905 


1906 


1907 


1908 


1909 


Installed 
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tw. GALVANIZED-IRON MAINs (contd.) 


Installed Feet 


Feet | Year 
Installed In Service Retired | Installed 
33,798 15,792 18,006 1927 
13,694 5,132 8,562 1928 
7,277 604 6,673 1929 
1,522 0 1,522 1930 
2,084 0 2,084 | 1931 
909 0 909 | 1932 
7,185 2,295 4,890 1933 
1,291 891 400 1934 
5,130 2,641 2,489 1935 
23,011 12,909 10,102 1936 
46,492 25,669 20,823 1937 
80,980 49,419 31,561 1938 
55,770 32,479 23,291 1939 
33,495 23,056 10,439 1940 
37,417 30,455 6,962 
23,801 19,947 3,854 TOTAL 
Retirements by Years 
Year 
Year Feet Year Feet Year | 
335 1899 1910 
721 1923 873 1924 287 1928 
42 1933 
539 1935 565 1936 539 1937 
650 1923 203 1931 
407 1927 412 1929 1911 
548 1913 2,140 1923 1,246 1924 
337 1939 
600 1911 1561938 
846 1928 
240 1924 255 1927 1912 
1,704 1913 209 1924 397 1930 
1,211 1924 
2,626 1923 460 1924 220 1925 1913 
1,063 1927 1,762 1931 670 1933 
199 1937 499 1940 1914 
2,892 1924 1,271 1925 887 1928 
590 1929 270 1930 175 1932 1915 
457 1933 316 1940 1916 
587 1923 4,245 1924 26 1925 | 1917 
28 1927 575 1928 647 1929 | 1918 
1,064 1930 152 1931 81 1933 1919 
185 1937 465 1938 330 1939 
650 1922 612 1923 41 1925 1920 
271 1928 22 1929 941 1931 
1,552 1932 600 1938 150 1939 
925 1924 625 1927 625 1928 
845 1929 2,653 1930 2,259 1931 1921 
654 1936 1,808 1940 
704 1923 2,594 1924 1,139 1925 
889 1926 707 1927 3,909 1928 
1,205 1929 1,662 1930 2,783 1931 1922 
617 1933 862 1939 


Feet = 


Installed 


5,642 
3,092 
3,180 
796 
546 
1,980 
681 


526,585 


Installed Feet 


2499 
117 
1,472 


— 
wi 


Year 
1923 
1926 
1929 
1932 
1939 
1923 
1926 
1930 
1933 
1939 
1923 
1927 
1932 
1923 
1928 
1920 
1940 
1926 
1926 


5 1924 


1931 
1924 
1928 
1925 
1928 
1931 
1940 
1923 
1927 
1930 
1933 
1923 
1926 


In Service 


287,061 


Feet 
4,248 
1,104 


Year 
1924 
1927 
1930 
1933 


5 1924 


1927 
1931 
1935 
1940 
1924 
1930 
1935 
1924 
1930 
1931 


1930 
1927 
1928 


1925 
1931 
1926 
1929 
1932 


1925 
1928 
1931 
1939 
1924 
1927 


Retired 


239, 


Feet 
1,573 
971 


524 


Year 
1925 
1928 
1931 
1935 


1925 
1928 
1932 
1938 


1926 


7 1931 


1937 
1927 
1931 
1936 


1940 
1931 
1931 


1926 
1934 
1927 
1930 
1937 


1926 
1929 
1932 
1940 
1925 
1928 


Augi 


192 


Yeai 
Instal 
190° 
191} 
194( 


Toral 


Year 
Install 
1881 
1883 
1888 
1890 
1891 


i 
D Insta 
- 2,353 739 
2.363 817 
712 84 
1,929 51 
681 0 
369 369 0 
913 878 35 = 
674 674 0 
1,313 1,313 0 
788 692 96 
: 404 353 51 192 
447 447 0 
2 ) 
| 
4 
OU. 
87 
69 1917 
1920 
967 1921 
7 1,527 1922 
93 1923 
2,153 1924 
2 936 1925 
5,44 2.473 1926 
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2-1N. GALVANIZED-IRON MAIns (contd.) 


Retirements by Years (contd.) 


Year Year 
Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet 
———s- 1,397 1929 2,519 1930 6,590 1931 | 1926 448 1929 249 
4 1,987 1932 377 1935 328 1937 | 54 1932 129 
178 1938 3,772 1939 214 1940 143 1937 1,671 
1923 561 1923 1,912 1925 1,812 1927 1927 26 1928 54 
5,789 1928 733 1929 1,334 1930 97 1932 135 
3,830 1931 627 1932 630 1933 1928 79 1929 452 
78 1937 2,332 1939 3,763 1940 102 1938 
1924 351 1926 1,077 1927 1,099 1928 1929 68 1930 749 


1,495 1929 225 1930 3,344 1931 1930 1940 
1932 60: 1933 209 1937 1931 15 1937 
1938 707 1939 477 1940 1932 51-1938 
1925 182 1925 133 1926 682 1927 | 1935 35 1937 
349 1928 1,412 1929 119 1930 | 1938 96 1930. 

1,514 1931 500 1932 542 1933 | 1939 51 1939 

27 1934 543 1937 606 1938 


Year 


1930 
1933 
1940 
1930 
1940 
1931 


Feet Year 


1,070 1931 
90 1936 


334 1931 


106 1932 


90 1939 
23-1N. GALVANIZED-IRON MAINS 
Year Feet 
Installed Installed In Service Retired Year 
1907 815 815 0 Installed Feet 
1911 275 0 275 1911-275 
0 
TOTAL 1,090 815 275 


Retirements by Years J 


Year 
1924 


Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 

1881 23,119 0 23,119 1927 26,941 23,595 3,346 
1883 2,470 0 2,470 1928 40,920 36,439 4,481 
1888 49 ie 0 49 1929 19,789 17,254 2,535 
1890 110 ; 0 110 1930 16,474 14,021 2,453 
1891 679 - 0 679 1931 9,161 7,740 1,421 
1892 4,219 0 4,219 1932 10,030 9,544 486 
1897 410 0 410 1933 5,965 5,840 125 
1912 660 660 0 1934 4,026 3,899 127 
1917 440 404 36 1935 11,216 10,188 1,028 
1920 1,135 0 1135 1936 14,040 11,507 2,530 
1921 2,646 2,612 34 1937 16,988 16,841 147 
1922 10,834 8,256 2,578 1938 12,423 11,946 477 
1923 28,616 20,651 7,965 1939 13,808 13,723 85 
1924 42,735 35,884 6,851 1940 15,021 14,918 103 
1925 35,196 28,492 6,704 

1926 19,039 15,382 3,657 TOTAL 389,159 309,796 79,363 


17 
51 
0 
0 
tm 
4 
‘ear 
925 
928 
931 
035 
| 
925 | 
932 
38 
31 
)37 
)27 
)31 
136 
“4 
27 
37 


Year 
Installed 
1881 


Year 
Installed 
1878 
1881 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 


4-1n. Cast-[RON UNLINED MAINS 


Retirements by Years 


Num- Num- Num- 
ber Year ber Year’ ber Year 
2,642 1891 1,480 1893 835 1895 
480 1896 655 1899 1,220 1901 
5,470 1902 680 1903 1,017 1905 
500 1906 500 1912 257 1913 
1,683 1916 482 1927 1,350 1928 
1,968 1929 1,375 1934 57 1938 
468 1939 
450 1895 1,120 1902 900 1906 
49 1890 
100 1902 10 1916 Aa 
679 1924 
2,600 1904 1,297 1906 322 1924 
410 1924 
36 1931 
1,135 1925 
34 1930 
20 1925 663 1927 371 1928 
130 1929 1,394 1932 
2,120 1925 230 1926 1,255 1927 
1,858 1928 937 1931 1,525 1932 
26 1939 14 1940 
943 1925 226 1926 831 1928 
204 1930 2,141 1931 877 1932 
80 1933 1,549 1938 
30 1925 135 1926 2,521 1927 
27 1928 9 1929 839 1931 
162 1933 700 1937 187 1939 
Feet 
Installed = In Service Retired 
1,996 1,996 0 
12,356 2,505 9,851 
6,777 2,300 4,477 
2,369 1,375 994 
3,923 920 3,003 
13,085 3,918 9,167 
96,867 96,867 0 
76,032 25,804 50,228 
72,510 53,632 18,878 
44,034 6,058 37,976 
149,194 119,838 29,356 
33,793 0 33,793 
26,637 20,344 6,293 
6,694 0 6,694 
1,080 180 900 
7,834 122 7,712 | 
2,181 352 1,829 
1,863 1,863 0 | 


Year 


Installed ber 


1925 
1926 


1927 


1928 


1929 


1930 


1931 


1932 
1933 
1934 
1935 


Year 
Installed Installed 
1899 8,685 
1900 2,168 
1901 13,190 
1902 7,577 
1903 643 
1904 4,986 
1905 656 
1906 5,572 
1907 3,009 
1909 2,597 
1910 553 
1911 2,721 
1913 426 
1914 137 
1915 36 
1916 53 
1917 27 
1918 4 


Num- 


2,094 1940 
177 1927 
995 1931 

10 1939 
117 1927 

1,636 1931 

168 1936 
67 1929 

1,283 1932 
587 1938 
253 1930 
602 1937 

17 1930 
118 1937 
538 1940 

46 1931 
359 1937 
431 1935 
125 1939 
127 1937 
236 1936 

80 1939 

2,037 1937 
147 1937 
160 1939 

85 1939 
103 1940 


Year 
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3 3-1n. CAST-IRON AND GALVANIZED-IRON MAINs (contd.) 


q 
Num- Num- 
ber Year ber Year 
82 1928 263 1939 
1,645 1932 171 1937 
314 1940 
183 1928 767 1930 
223 1932 76 1934 
176 1937 
557 1930 1,084 1931 
403 1935 233 1937 
202 1939 65 1940 
122 1931 303 1932 
1,255 1940 
1,327 1932 125 1933 
206 1938 122 1939 
81 1933 58 1936 
237 1938 640 1939 
55 1938 
515 1937 42 1938 
155 1940 
496 1940 
317 1940 


In Service 


2,797 
2,138 


10,886 


5,696 
643 

0 

656 
657 
2,274 
24 


Retired 
5,888 
30 
2,304 
1,881 
0 
4,986 
0 
4,915 


18! 


189 


189 


Ai 
In 
| 
18 
18 
18 | 
18 
19 | 
19 
19 
19 
19: 
936 
937 
938 
939 18 
40 
| = 
= 
735 
2,573 
553 
0 2,721 
426 0 
115 22 
17 36 
: 0 27 
‘ 


Year 


1930 
1937 


1930 
1934 


1931 
1937 
1940 
1932 


1933 
1939 


1936 
1939 


1938 


Year Feet 
Installed Installed In Service Retired 
1919 367 340 27 
1920 35 3 
1921 2,517 0 
1922 328 328 O 
1923 ~ 470 470 cr 
1924 422 
1925 52 
1926 943 943 0 
1927 258 79 179 
1928 979 979 0 
"09 3 231 231 0 
a 
Year 
Installed Feet Year Feet Year Feet Year 
1881 80 1890 244 1891 500 1899 
5,920 1902 2,600 1903 25 1906 
182 1927 
1883 81 1891 550 1902 2,480 1903 
450 1906 916 1926 
1884 446 1902 548 1907 
1885 135 1891 773 1895 480 1902 | 
1,415 1905 200 1909 
1886 48 1890 95 1891 1,124 1895 
500 1901 500 1902 6,900 1903 
1888 1,902 1890 767 1891 1,634 1895 
1898 12,234 1899 
1901 4,441 1902 
1905 3,109 1906 
1925 732 1926 | 
3 1895 1,080 1899 
440 1900 1,660 1901 2,074 1902 | 
1903 565 1905 198 1906 
1,378 1909 325 1910 688 1911 
«410-1922 4,806 1928 1,280 1930 
1890 950 1895 260 1896 346 1898 
290 1900 6,880 1901 998 1902 
4,097 1904 4,358 1907 654 1908 
Ge 280 1909 4,280 1911 4,390 1912 
«4,413 1913 332 1914 68 1915 | 
«847-1916 300 1922 320: 1923 
1924 705 1925 493 1927 | 
2,688 1928 = 61: 1929 2,528 1930 | 
183 1931 70 1934 437 1936 
528 1940 
1891 915 1916 3,677 1918 200 1921 
1,415 1924 56 1925 124 1926 
2,096 1927 1,858 1928 6,101 1930 
2,361 1931 7,487 1932 309 1934 
1,306 1938 1,451 1940 


August 1945 


4-1n. CAstT-IRON UNLINED Mains (contd.) 


Year Feet 
Installed Installed In Service Retired 

1930 256 256 0 

1931 64 “wf 

1932 9 > tse 

1934 177 

1936 62 62 «ee 

1937 117 117 tae 

1938 67 eS . 

1940 92 92 0 
TOTAL 619,711 371,647 248,064 
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Retirements by Years 


Year 


Installed Feet 


1892 


1,672 1895 
400 1902 


799 1906 


1,866 1917 


5,929 1930 


346 1895 
345 1931 
617 1938 
1,302 1922 
313 1930 
220 1904 
655 1907 
4,588 1929 
1,303 1924 
3,915 1906 
100 1938 
30 1927 
424 1912 
1,285 1916 
20 1923 
4,499 1931 
665 1916 
2,888 1939 
623 1924 
2,573 1926 
523 1916 
2,063 1924 
28 1938 
22 1940 
36 1926 
36 1931 
27 1928 
27 1940 


179 1937 


Year 


Feet Year Feet Year — 


920 1898 1,800 1901 
4,912 1904 3,900 1905 
4,391 1907 5,335 1911 
827 1923 1,042 1924 | 
18 1924 1,701 1930 | 
2,160 1932 387 1937 
719 1940 
50 1925 652 1928 
4,377 1939 
680 1928 
426 1926 1,400 1927 
643 1939 
526 1939 
885 1912 988 1929 
875 1926 1,005 1928 
29 1925 567 1937. 
9 1924 458 1930 
1,321 1924 41 1931 
112 1939 
30 1932 
22 1925 608 1931 


ol. 37 oe 
189. 
1894 
1895 
1896 
1897 
1899 
1900 
tired 1901 
88 1902 
30 1904 
04 
81 1906 
0 
86 1907 
0 1909 
15 1910 
35 1911 
73 
53 1914 
| 
192 
27 
0 
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Ai 
6-1n. Cast-IRON UNLINED MAINS q 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1878 34,405 34,405 0 1912 32,331 29,424 2,907 
1880 68 0 68 1913 29,974 29,371 603 In: 
1881 9,503 0 9,503 1914 11,473 11,473 0 I 
1883 29,209 19,093 10,116 1915 4,581 4,581 0 
1884 22,615 18,035 4,580 | 1916 37,258 36,823 435 
1885 8,442 8,442 0 | 1917 3,041 3,035 6 
1886 9,607 7,692 1,915 | 1918 2,259 2,259 0 
1887 48,261 48,261 0 1919 16,049 15,657 392 
1888 35,989 29,124 6,865 | 1920 3,618 3,427 191 1 
1889 36,252 31,166 5,086 1921 18,978 18,049 929 
1890 434,430 386,768 47,662 | 1922 44,591 44,562 29 I 
1891 66,732 49,711 17,021 1923 29,630 28,358 1,272 I 
1892 149,500 19,963 129,537 1924 57,635 56,105 1,530 
1893 10,902 8,373 2,529 1925 21,453 21,260 193 
1894 50,860 50,395 465 1926 15,808 15,483 325 
1895 52,613 42,457 10,156 1927 33,231 33,019 212 Ig 
1896 10,566 9,249 1,317 1928 21,900 21,879 21 1g 
1897 5,517 5,517 0 1929 13,300 13,300 0 
1898 1,247 1,247 0 1930 22,412 22,141 271 19 
1899 17,802 17,025 777 1931 28,346 28,306 40 
1900 14,976 11,901 3,075 1932 5,703 5,703 0 19 
1901 66,572 63,936 2,636 1933 3,147 3,147 0 
1902 49,447 44,966 4,481 1934 325 325 0 19 
1903 10,279 8,651 1,628 1935 3,459 3,438 21 
1904 19,910 18,658 1,342 1936 13,033 13,033 0 
1905 20,506 19,165 1,341 1937 15,442 15,442 0 19 
1906 43,373 43,373 0 1938 8,859 8,859 0 
1907 32,361 32,103 258 1939 21,203 21,203 0 19 
1908 11,057 10,868 = 189 1940 23,795 23,795 0 
1909 8,695 8,695 0 = 
1910 19,480 18,787 693 ToraL 1,915,355 1,638,931 276,424 
1911 41,345 37,538 3,807 Sah 
Retirements by Years Ye 
Year Year Insta 
Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year 188 
1880 68 1932 1890 4,755 1907 329 1908 651 1910 188 
1881 36 1895 3,332 1896 480 1900 415 1911 28 1913 73 1914 188 
4,050 1901 580 1903 1,025 1906 31 1915 80 1916 24 1917 188 
1883 3,840 1894 337 1895 12 1899 523 1920 3601921 421 1922 189 
1,660 1901 2,600 1903 1,322 1914 1,339 1923 125 1926 88 1927 189 
345 1917 130 1928 256 1929 1,828 193! 189. 
1884 455 1895 75 1899 4,050 1905 79 1934 467 1935 46 1936 189, 
: 1886 45 1895 1,870 1907 26 1937 2001938 471 1939 189: 
; 1888 2001890 829 1895 2,446 1904 1891 1,778 1895 4,290 1901 25 1902 189. 
2,634 1920 105 1905 118 1906 940 1907 189 


756 1906 

1889 1,012 1895 2,350 1901 630 1903 1,946 1914 801915 310 1916 189; 

544 1906 550 1925 721.1917 1,993 1918 29 1921 189% 


430 1923 708 1924 683 1925 1896 


1890 1,525 1895 5,2101896 1541898 | 
669 1900 16,680 1901 6,103 1902 ? 350 1926 301927 318 1930 190¢ 
3,597 1903 73 1905 906 1906 | 29 1936 630 1938 1,508 1940 


= 
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a 


Year 


DENVER 


SURVIVAL AND RETIREMENT 


6-IN. Cast-IRON UNLINED (contd.) 


Retirements by Years (contd.) 


Year 


Feet Year Feet Year 


Installed Feet Year Feet Year Feet Year | Installed Feet Year 
1892 19,686 1895 2,192 1896 8,495 1899 1905 1201912 3551923 342 1928 
11,021 1900 46,527 1901 16,040 1902 524 1931 
5,258 1904 251905 455 1906 1907 106 1922, 571929 951931 
328 1911 1361915 3,283 1922 1908 180 1916 9 1924 oe 
1,730 1923 690 1926 2,646 1930 1910 6651920 28 1931 | 
600 1932 425 1933 1911 8801912 1,531 1924 1,284 1926 
1893 7201896 351925 1,456 1926 112 1932 ae 
318 1938 1912 668 1924 1,309 1927 7131930 
18994 4001923 65 1924 217 1932 
1895 1,790 1907 1,622 1913 769 1921 1913 51930 1001931 498 1932 
366 1922 3,164 1923 21 1924 1916 3231922 112 1928 
23 1926 1,352 1927 135 1932 1917 6 1927 
693 1933 221 1937 1919 3641924 28 1926 
1896 6411908 676 1939 1920 56 1920 15 1928 120 1939 
1899 5221906 501913 175 1927 1921 912 1931 12 1938 5 1940 
30 1930 1922 29 1928 
1900 2,090 1907 4701912 406 1923 1923 2871923 621927 55 1928 
109 1937 82 1930 6921932 94 1939 
1901 4731912 375 1923 1,320 1924 1924 37 1928 1651930 672 
443 1931 25 1932 626 1932 30 1939 
1902 24 1904 2,302 1907 340 1913 1925 431927 22 1930 
1,246 1927 255 1932 232 1933 68 1940 7 
521935 30 1937 1926 325 1932 4 
1903 90 1907 3081923 200 1924 1927 83 1928 1291931 _ 
55 1929 3741932 601 1933 1928 10 1930 11 
1904 320 1907 821925 211 1928 1930 761932 1951990 
811929 563 1931 85 1932 1931 40 1932 ae 
1935 21 1939 
8-1n. CasT-IRON UNLINED MAINS 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service 
1881 3,156 3,005 151 1901 a 
1883 5,448 5,448 0 
1888 336 336 0 
1889 16,422 16,041 381 1904 a 33 
1890 81,764 66,973 14,791 1906 
1891 63,379 54,088 9,291 >. 
1893 5,284 5,167 117 
1894 
1895 
1896 
1897 


1898 


| 
~ Bo 
03 
0 
0 
35 
6 . 
0 
9 
12 
30) 
3 
5 
(2 
0 
0 
ear 
910 
14 
917 
922 
927 
031 
036 
939 
907 
916 
921 = 39 39 1914 440 2,440 
925 Ls 48 1915 75 75 
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8-1N. Cast-IRON UNLINED Mains (contd.) 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1917 79 79 pees ft) 1931 46,223 46,223 0 
1920 3,072 3072 0 1932 21,436 21,436 0 
1921 1,398 1,398 oa 0 1933 2,169 2,169 0 
1922 3,351 3,351 0 1934 553 553 0 
1923 276 276 0 1935 962 962 0 
1924 5,507 5,507 0 1936 8,020 8,020 0 
1926 3056 3,056 0 1937 3,467 3,467 0 
1927 5,576 5,576 0 1938 2,450 2,450 0 
1928 9,191 9,055 1939 28,616 28,616 0 
Be. 1929 4,747 4,747 —s 1940 22,219 22,219 0 
| Toran 394,076 366,737 27,339 
a 
Year 
il Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year 
es 1881 151 1894 1891 232 1922 3,159 1931 7 
381 1895 1892 475 1904 92 1912 4 
———- 1890 80 1894 5,465 1895 2,000 1896 1893 117 1936 re 
920 1901 668 1902 57 1906 1895 32 1902 481 1904 125 1927 
85 1907 37 1910 61 1911 372 1928 
204 1915 84 1916 4,636 1922 1897 370 1908 io 2 ae 
46 1924 58 1926 33 1936 1902 26 1933 vie a 
333 1938 24 1940 1904 33 1925 11 = — 
1891 105 1894 1,700 1895 48 1899 1908 62 1916 290 1923 — an 
32 1901 2,657 1902 750 1904 1910 74: 1933 
161 1905 55 1907 60 1913 | 1928 118 1931 18 1937) 
54 1914 75 1916 203 1918 | 1930 29 1938 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1881 4,397 4,397 0 1906 
1883 5,113 2,313 2,800 1912 
1887 1,968 1,968 0 1920 
ao, 1888 6,387 6,387 0 1921 
3 1889 6,863 5,597 1,266 1922 
— 1890 30,639 24,332 6,307 1924 
1891 11,213 9,129 2,084 1927 
2 1892 332 0 332 1929 
1893 13,183 8,425 4,758 1931 
6,699 6,699 0 1932 
3,200 2,815 385 1936 
772 772 0 1938 
1,364 1,364 0 1940 
3,638 3,638 0 
7 7 TOTAL 109,953 


In. 
1 
1 
1% 
1% 
18 
18 
18 
18 
18 
18 
19 
19) 
19) 
19% 
19% 
19% 
19) 
191 
191 
19] 
19] 
19] 
191 
191 
191 
19] 
192 
192 
192 
192 
192 
192 
1921 
192° 
1923 
192¢ 
193( 
193] 
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DENVER SURVIVAL AND RETIREMENT 


10-1N. Cast-IRON UNLINED MAIns (contd.) 


Retirements by Years 


Year | Year 

Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year 
1883 1,120 1898 1,150 1902 530 1906 | 1891 90 1918 

1889 1,266 1901 | 1892 332 1911 

1890 4,786 1895 107 1902 57 1903 | 1893 2,124 1899 2,568 1904 66 1906 

100 1908 1,125 1910 30 1916 | 1895 385 1922 
54 1922 48 1938 / 1903 100 1933 147 1934 
1891 649 1895 1,020 1901 325 1906 | 1921 88 1940 mr 
12-1n. Cast-IRON UNLINED MAINS 

Year Feet Year Feet : 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1881 364 279 85 1937 9,055 9,055 0 
1888 21,076 16,530 4,546 1938 10,347 10,269 78 
1890 53,744 42,149 11,595 1939 28,806 28,806 0 
1891 2,571 2,016 555 1940 15,326 15,326 O 
1892 164,774 129,221 35,553 —soeetiinke 
1894 3,282 3,145 137 TOTAL 695,650 634,447 61,203 
1895 4,446 2,706 1,740 

1896 438 438 0 Retirements by Years 

1898 2,382 2,337 45 Year 

1899 165 165 0 Installed Feet Year Feet Year Feet Year 
1901 11,029 9,292 1,737 1881 85 1913 

1902 13,136 13,082 54 1888 4,486 1890 60 1895 

1904 13,512 12,647 865 1889 775 1895 590 1896 1,292 1901 
1906 2,556 2,556 0 22 1902 5,488 1903 10071906 
1907 36,786 36,786 0 an 67 1914 865 1921 375 1924 — 
1908 4,917 4,879 38 ne 285 1925 1,040 1926 77 1927 
1910 17,476 17,021 455 =. 28 1929 591 1932 

1911 27,656 27,277 379 1891 97 1895 56 1899 230 1909 
1912 11,058 11,058 0 85 1925 87 1933 

1913 10,856 10,856 0 1892 2,524 1895 2,280 1896 339 1899 
1914 644 644 0 835 1900 9,960 1901 10,223 1902 
1915 5,919 5,835 84 9,132 1903 260 1910 

1916 9,650 7,945 1,705 1894 130 1924 7 1932 — 
1917 253 17 236 1895 1,740 1927 : a <i 
1918 4,651 4,651 0 1898 45 1913 | 4 
1919 5,311 4,375 936 1901 1,680 1910 57 1925 

1920 20 20 0 1902 54 1912 

1921 104 0 104 1904 865 1914 

1922 7,734 7,734 0 1908 38 1939 | 

1923 14,030 14,006 24 1910 455 1925 | 

1924 38,883 38,883 0 1911 379 1933 | 

1925 2,429 2,429 0 1915 84 1931 

1926 3,714 3,575 139 1916 1,035 1919 17 1925 653 1936 
1927 21,910 21,910 0 1917 184 1923 521927 ae | 
1928 19,026 19,026 0 1919 936 1937 

1929 7,597 7,597 0 1921 104 1940 

1930 25,628 25,562 66 1923 24 1931 

1931 32,367 32,367 0 1926 28 1929 111 1938 7 
1932 27,914 27,914 0 1930 661940 
1933 703 703 0 1936 47 940 = 
1936 1,405 1,358 47 1938 78 1940 : 
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0 
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Year 


1888 
1890 
1891 
1892 
1894 
1895 
1910 
1916 
1928 


TOTAL 


Year 


1888 
1890 


1891 
1894 
1895 
1903 
1916 


14-1n. Cast-IRON UNLINED MAINS 


Installed Installed 


Feet 
In Service Retired 
550 218 332 
20,296 20,139 157 
9,319 9,239 80 
3,996 3,996 0 
272 147 125 
95 91 4 
132 0 132 
36 36 0 
8 8 0 
62 0 62 
20 20 0 
54 54 0 
0 0 0 
34,840 33,948 892 


Retirements by Years 


Installed Feet Year 


332 1895 
60 1895 
23 1932 
80 1894 

125 1932 

4 1925 

132 1907 

62 “1925 


Feet Year Feet Year 


24 1902 50 1911 


15-1n. CAst-[RON UNLINED MAINS 


Year Feet 
Installed Installed In Service Retired 
1872 6,177 6,177 0 
1940 0 
TOTAL 6,177 0 


Year 
Installed 


1887 
1890 


16-1N. Cast-IRON UNLINED MAINS 


Feet 
Installed In Service Retired 
3,480 198 
31,033 6,404 
12,373 83 
48 0 
70 0 
17 77 
37609 
756 128 
5,683 2,342 
529 
1162 
2271 0 


16-1n. Cast-IRON UNLINED Marns (contd.) 


1933 


Year Feet 
Installed Installed In Service Retired 
1908 3,601 3,551 50 
1910 483 483 0 
1915 2.25% 2,251 0 
1917 355 355 0 
1918 113 113 0 
1919 7,052 6,998 54 
1920 2,126 1,830 296 
1923 4,424 4,424 0 
1924 1,489 1,364 125 
1925 28 28 0 
1926 1,334 1,334 0 
1927 2,542 2,502 40 
1931 5,904 5,904 0 
1932 40 40 0 
1934 62 62 0 
1937 406 406 0 
1940 8,865 8,865 0 
TOTAL 111,498 101,701 9,797 
ss Retirements by Years 
Year 
Installed Feet Year Feet Year Feet Year 
1887 198 1895 
1890 117 1901 5,770 1902 71 1904 
90 1911 356 1917 
1891 29 1913 54 1925 q 
1895 77 1925 
1901 128 1922 
1903 2,280 1907 62 1934 : 
1908 36 1927 14 1937 ' 
1919 54 1932 
1920 296 1940 
1924 125 1933 mee 
1927 40 1933 
18-1n. CAST-IRON UNLINED MAINS 
Year Feet 
Installed Installed In Service Retired 
1888 140 0 140 
1890 15,343 15,153 190 
1891 1,759 1,759 0 
1901 36 36 0 
1907 895 895 0) 
1908 887 872 15 
1914 125 125 0) 
1923 17 17 0 
1924 5,300 5,300 0 
1925 45 45 0 
1927 47 38 9 
1931 1,892 1,892 0 
3 3 0 


Year 
Installe: 
1880 
1881 


1888 
1889 
1891 
1895 
1899 
1903 
1908 
1924 


In 
li 
1 
1¢ 
wo 
18: 
| 18: 
188 
189 
189 
190 
190. 
191 
1921 
1891 
1893 
1894 
1895 
1899 
1903 
1904 
1906 
1907 


— — — — — 
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DENVER SURVIVAL AND 


18-1N. CAst-IRON UNLINED Mains (contd.) 


Year Feet 
Installed Installed In Service Retired 
1937 22 22 0 
1940 0 0 0 
TOTAL 26,511 26,157 354 
Retirements by Years 
Year 
Installed Feet Year 
1888 140 mst; 
1990 1901914 
1927 9 


20-1N. CAst-IRON UNLINED MAINS 


24-1n. CAstT-IRON UNLINED MAINS 


RETIREMENT 


99 


Year Feet 
Installed Installed In Service Retired 
1880 500 52 448 
1881 4,800 1,452 3,348 
1888 2,290 400 1,890 
1889 2,376 566 1,810 
1890 450 450 0 
1891 2,393 480 1,913 
1895 7. 71 54 
1899 6,022 3,791 2,231 
1903 1,510 1,160 350 
1908 464 388 76 
1910 1,545 1,545 0 
1920 9,551 9,551 0 
1923 31 31 0 
1924 9,191 9,174 17 
1925 72 72 0 
1926 3,930 3,930 0 
1927 6 6 0 
1937 16 16 cg 
1938 2,109 2,109 0 
1940 0 0 0 
ToTAL 47,381 35,244 12,137 
Retirements by Years 1 
Year 
Installed Feet Year Feet Year Feet Year 
1880 53 1932 395 1934 
1881 986 1894 812 1895 1,100 1903 
450 1913 
1888 1,890 1896 anes 
1889 815 1896 995 1899 
1891 1,913 1899 
1895 47 1925 7 1940 w 
1899 2,231 1937 
1903 350 1937 
1908 35 1927 41 1940 
1924 17 


1939 


4 


Year Feet 
Installed [Installed In Service Retired 
1890 19,701 18,137 1,564 | 
1891 1,877 1,877 0 
1892 22,250 20,882 1,368 
1893 
1897 
1901 
1902 
1908 
1910 
1911 
1913 
1917 
1918 
1920 
1922 3. 
1923 14,440 14,440 0 
1924 10,538 
1925 48 
1926 2,976 
1927 12,656 
1930 65 
1932 6,189 
1933 
1935 36 
1936 18 
1938 422 
1939 564 
1940 
121,032 116,509 4,523 
Retirements by Years 
Year 
| Installed Feet Year Feet Year Feet Year 
1890 530 1906 825 1922 6 1923 
75 1933 20 1934 108 1935 
1892 104 1895 105 1900 1,159 1906 
1901 1,350 1910 104 1940 
1911 52 1933 
1930 65 1933 
1932 20 1938 
30-1n. Cast-IRON UNLINED MAINS 
Year Feet 
Installed Installed In Service Retired 
1888 1,517 1,349 168 
1890 55 55 0 
1903 3,795 3,795 0 
1917 15,901 15,901 0 
1923 9,178 9,178 -$ 0 
1924 3,208 3,208 0 


| 
40 
| 
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42-1n. Cast-IRON UNLINED MAINS 


Year 
Installed 
1924 
1925 
1940 


TOTAL 


143 


Feet 
Installed In Service Retired 
64 64 0 
70 70 0 
9 9 0 
143 0 


48-1N. Cast-IRON UNLINED MAINS 


800 
30-1n. Cast-IRON UNLINED Mains (contd.) 
Year Feet 
Installed Installed In Service Retired 
1925 5,606 5,606 0 
1927 14,321 14,055 266 
1932 279 279 0 
1933 150 
1937 369 369 0 
1938 14 
1939 66 66 a 
1940 35 
TOTAL 54,494 54,060 434 
a 
Retirements by Years 4sn4 
Year 
Installed Feet Year 
1888 168 1898 >, 
1927 266 1932 ie 


36-1N. CAST-IRON UNLINED MAINS 


Installed Installed In Service Retired 
1924 4,215 4,215 0 
1925 8,733 8,733 0 
7 1927 1,348 1,348 0 
264 264 0 
1936 41 414 
1940 0 | 0 
TOTAL 14,601 


39.37-1N. CAst-IRON UNLINED MAINS 


Year Feet 
Installed Installed In Service Retired 
1924 2,286 2,286 0 
2,286 23286 


‘TOTAL 


41.34-1n. Cast-IRON UNLINED MAINS 


Year Feet 
Installed Installed In Service Retired | 
1924 2,483 2,483 
1940 : 0 
ToraL 2,483 2,483 


Year Feet 
Installed Installed In Service Retired 
1925 166 166 0 
1933 84 84 0 
1940 0 0 0 
TOTAL 250 250 0 
24-1N. STEEL MAINS a 
Year Feet 
Installed Installed In Service Retired 
1911 2,582 2,582 0 
1935 101 101 0 
1940 80 80 0 
Tora 2,763 2,763 0 
24-IN. Woop-STAvE MAINS 
Year Feet 
Installed Installed In Service Retired 
1889 4,000 0 4,000 
1901 2,552 0 2,552 
1940 0 0 0 
TOTAL 6,552 0 6,552 
Retirements by Years 
Year 
Installed Feet Year 
1889 4,000 1900 
1901 2,552 1928 
30-IN. OD. STEEL MAINS 
Year Feet 
Installed Installed In Service Retired 
1928 2,533 0) 
1940 0 0 
TOTAL 2,533 2,533 0 


Yea 
Instal 
194( 
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1940 


30-IN. | 
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Installe 
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30-1IN. CONCRETE MAINS 
Year Feet 
Installed Installed In Service Retired 
1938 13,915 13,915 0 
1939 2,947 2,947 0 
1940 0 0 0 
ToTAL 16,862 16,862 0 
30-1N. Woob-STAVE MAINS 
Year Feet 
Installed Installed In Service Retired 
1888 193 0 193 
1892 2,320 0 2,320 
1940 0 0 0 
ToTAL 2,513 0 2.543 
Retirements by Years 
Year 
Installed Feet Year Feet Year 
1888 193 1891 
1892 1,200 1910 1,120 1921 
42-1. CONCRETE MAINS 
Year Feet ae. 
Installed Installed In Service Retired | 
1940 3,169 3,169 0 
TOTAL 3,169 3,169 
46-IN. CONCRETE MAINS 
Year Feet 
Installed Installed In Service Retired 
1940 6,968 6,968 0 
ToraL 6,968 6,968 0 


30-In. Cast-TRON UNLINED—ConpbuitT No. 1 


Year Feet 
Installed Installed In Service Retired 
1890 17,571 17,279 292 
1920 193 193 0 
1921 «89 89 0 
1925 76 0 

1928 58 ~, 0 
1940 0 0 0 
Porat 17,987 17,695 292 


| 


DENVER SURVIVAL AND RETIREMENT = 801 


30-1N. CAst-[RON UNLINED—Conpbuit No. 1 


(contd.) 
Retirements by Years 
Year 
Installed Feet Year Feet Year 
1890 68 1920 224 1929 


36-IN. CAST-IRON UNLINED—Conpbuit No. 1 


Year Feet 3 
Installed Installed In Service Retired 
1920 6,920 6,920 0 
1940 

Total 6,920 6,920 


30-1IN. Woop-StavE—Conpbuit No. 1 


Year Feet 

Installed Installed In Service Retired 
1890 91,380 0 91,380 
1920 3,626 0 3,626 
1921 #69 69 
19250 0 117 
1928 0 979 
1940 0 0 0 

TOTAL 96,171 0 96,171 

Retirements by Years 

Year 

Installed Feet Year Feet Year Feet Year 


1890 10,691 1920 97 1921 23,750 1922 
20,628 1925 4,032 1928 10,579 1929 
17,039 1930 4,564 1936 : 

1920 36261936 

1928 979 1936 


30-1n. Cast-I[RON UNLINED—Conpuit No. 2 


Year Feet 7 
Installed Installed In Service Retired 
1893 128 128 0 


| 
red 
red 
0 
0 
0 » : 
0 
0) 
0) 
he 
‘red 
52 
0 
52 
| 
18 272, 155 
1924 24 0 
tired 40 
0 1930 251 251 
| 1940 0 0 
0 
790 6355S 
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30-1N. CAst-IRON UNLINED—Conpbuit No. 2 | 34-1n. Woop-StavE—Conpulit No. 2 (contd, 
(contd.) 
— Retirements by Years } 
nee Retirements by Years Year lies 
Year Installed Feet Year Feet Year Feet Yea 1 
Installed Feet Year 1893 41 1910 108 1920 2,311 19238 
1918 155 1940 3,294 1924 640 1927 659 1939 
1,835 1931 400 1932 250 1935 Tot 
a 1,535 1938 4,449 1939 32,112 1940 
30-IN. Woop-StavE—Conpbuit No. 2 : 
36-IN. Woop-StavE—Conpuit No. 2 
Year Feet Vine Feet Ye 
Install Instal. Servic Retired 
Installed Installed In Service Retired 
1893 14,727 0 14,727 18 
1940 0 0 0 1903 2,264 0 2,264 Fig 
1940 0 0 0 19. 
TOTAL 14,727 0 14,727 
Retirements by Years Retirements by Years 
13,757 1940 1903 2,264 1940 
189 
4 36-1N. CAstT-I[RON UNLINED—COonpbuIT No. ? 
34-1n, No. Year Feet 30-IN. 
Installed Installed In Service Retired} oy, 
Year Feet 1903 41 0 41 on 
Installed Installed In Service Retired 1940 0 0 0 Install 
1893 892 892 0 1899 
1924 3,270 3,270 0 | ToraL 0 ag 
1940 0 0 0 
Retirements by Years 1923 
Tora 4,162 4,162 0 Year 0 
-- - Installed Feet Year 40 
1903 41 1940 
34-1IN. Woop-StavE—Conpulit No. 2 
r 38-IN, CONCRETE LINED TUNNEL— 
Ye Feet 
Conbuit No. 2 Year 
Installed Installed In Service Retired ; Installe 
1893 86,594 38,960 47,634 Year Feet 1899 
1922 105 105 0 Installed Installed In Service Retired 
1923 2,311 2,311 i ws 0 1893 12,336 4,614 7,722 
1927 640 640 0 1940 0 0 0 30 
1930 384 384 0 —|y, 
1931 368 12,336 4,614 7,722 
1932 400 400 Installed 
1935 250 250 0 Retirements by Years 1939 
1938 1,124 1,124 — 0 Year 1940 
1940 0 0 Installed Feet Year 
93 194 
TOTAL 92,176 44,542 47,634 


* 
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16-IN. SLIP-JoINT STEEL 
Conpuit No. 3 
Year Feet 
Installed Installed In Service Retired 
1933 300 300 0 
ToTAL 300 0 
30-1N. No. 3 
Year Feet 
Installed Installed In Service Retired 
1899 19,519 0 19,519 
1924 2,113 2,113 0 
1935 156 156 0 
1940 0 0 0 
ToTAL 21,788 2,269 19,519 
Retirements by Years 
Year 
Installed Feet Year Feet Year 
1899 26 1923, 19,493 1924 
30-1n. Cast-[RON No, 3 
Year Feet 
Installed Installed In Service Retired 
1899 2,898 2,201 687 
1919 0 
1921 «34 (34 0 
1923 0 
1924 636 636 0 
1940 0 0 0 
ToraL 3,634 2,947 687 
Retirements by Years 
Year 
Installed Feet Year Feet Year 
1899 616 1924 71 1926 
30-IN. CONCRETE—ConpbuIt No. 3 
Year Feet 
Installed Installed In Service Retired 
1939 26,303 26,303 0 
1940 0 0 0 
ToTaL 26,303 26,303 0 


34-IN. Woop-STavE Conpuir No. 3 


Year Feet A 
Installed Installed In Service Retired 
1899 3,900 0 3,900 
1940 0 0 0 

TOTAL 3,900 0 3,900 


Retirements by Years stpF “ 

Years 

Installed Feet Year Feet Year 
1899 24 1919 3,876 1924 


Installed Installed In Service Retired 


36-IN. Woop-StavE—Conpuit No, 3 


Year Feet 


1899 2,822 197 2,625 
1940 0 0 0 
TOTAL 2,822 197 2,625 


Retirements by Years 


Year 
Installed Feet Year 
1899 2,625 1924 


36-IN. Cast-IRON UNLINED—Conpbuit No. 3 


Year Feet 
Installed Installed In Service Retired 
1924 25,576 25,541 35 
1926 110 110 0 
1940 0 0 0 
25,686 25,651 35 


Retirements by Years 


Year 
Installed Feet Year 
1924 35 1932 


40-1In. No. 3 


Year Feet 

Installed Installed In Service Retired 
1899 89,728 0 89,728 
1919 2,393 0 2,393 
1921 3,168 0 3,168 
1925 1,414 64 1,350 
1928 1,448 1,448 : 


| 
itd.) 
| 
64 
| 
| 


8 - JOURNAL—AMERICAN WATER WORKS ASSOCIATION Vol. 37 Au 


40-1N. No. 3 (contd.) | 40-1n. Woop-StavE—Conpulit No. 4 (contd. 
Year Feet Reti is by Y, } 
Installed Installed In Service Retired 4 Ins 
1 1 pied 590 0 Installed Feet Year 1¢ 
1934 495 495 0 c 16 
1935 840 840 | 
1940 0 0 0 
100,076 3,437 96,639 — 
Retirements by Years Installed Installed In Service Retired 36-11 
Year ro). 1884 5,452 0 5,452 Ve 
Installed Feet Year Feet Year Feet Year 1940 0 0 0 let 
1899 2,383 1919 3,188 1921 2,445 1924 
25,125 1925 1,448 1927 590 1931 | ToraL 5,452 0 5,452 = 
18,270 1932 495 1934 1,056 1935 ! 
34,728 1939 Retirements by Years 1 
1919 2,393 1939 OTA 
1921 3,168 1939 Installed Feet Year 
1925 1,350 1939 1884 5,452 1930 3 
Yea 
42-1n. Cast-IRon UNLINED—Conpbuit No. 3 Instal 
Year Feet y, Feet 190; 
Installed Installed In Service Retired | - = - - 194( 
1899 440 440 _ 0 Installed Installed In Service Retired 
1925 101 101 o | 1907 25,385 21,285 4,100 Torat 
1925 791 791 0 
1940 0 0 
‘Toran 541 541 0 1927 21 21 
¥ 1934 1,120 1,120 0 Year 
1935 210 210 0 F Install 
36-IN. Cast-IRON UNLINED—ConpbuitT No. 4 1940 0 0 0 1910 
Tora 28,779 24,679 4,100 
Installed Installed In Service Retired 1940 
——- 1884 1,008 0 1,008 Retirements by Years 
1940 0 0 0 Year TOTAL 
Installed Feet Year Feet Year Feet Yea} 
TOTAL 1,008 1,008 1907 791 1925 1,252 1926 697 1927 
Retirements by Years 30 1932 1,120 1934 210 1933 40-1 
Installed Feet Year Year 
1884 1,008 1930 30-1. Cast-IRON UNLINED—Conpuirt No. 
: 0 
Year Feet __f 1940 
40-1N. Woop-StavE—Conpuit No, 4 | Installed Installed In Service Retired 
Installed Installed In Service Retired 30 
1884 8,075 0 8075 | Year 
1940 0 0 0 | Installed 
| 119 119 1910 
Toran «8,075 8,075 
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36-1IN. No. 5 


Year Feet 
Installed Installed In Service Retired 
1907 2,248 2,248 0 
1927 644 644 0 
1940 0 0 0 
ToTAL 2,892 2,892 0 


36-1n. Cast-[RON UNLINED—Conpbuit No. 5 


Year Feet 
Instalied Installed In Service Retired | 

1907 990 990 0 

1940 0 0 0 
TOTAL 990 990 0 


36-IN. No. 5 


Year Feet 
Installed Installed In Service Retired 
1907 50 0 
1940 0 7 0 0 
= 
Tora 


36-IN. CAST-IRON No. 6 


AND RETIREMENT 805 


44-IN. Woop-StavE—Conpbulirt No. 6 


Year Feet 
Installed Installed In Service Retired 
1893 8,517 1,171 7,346 
1940 0 0 0 
TOTAL 1,171 7,346 


Retirements by Years 


Year 
Installed Feet Year 
1893 7,346 1940 


48-1IN. Woop-StavE—Conpuir No. 6 


Year Feet 7 
Installed Installed In Service Retired 
1910 56,226 0 56,226 
1930 126 0 126 
1940 0 0 0 
TOTAL 56,352 0 56,352 
Retirements by Years 

Year 
Installed Feet Year Feet Year Feet Year 
1910 84 1922 17 1924 255 1927 
4,312 1928 13,303 1930 29 1934 
449 1936 16,955 1939 20,822 1940 
121 1932 7 5 1933 


1930 


Year Feet 
Installed Installed In Service Retired 
1910 374 374 0 48-1n. Cast-[RON UNLINED—COonpuItT No. 6 
1922 84 84 0 Year Feet 
Installed Installed In Service Retired 
1910 486 0 
ws 1924 17 0 
? he 
1930 36 0 
40-1In. Woop-Stave—Conpuir No. 6 1934 29 0 
9 0 0 
Installed Installed In Service Retired | Torar 875 0 
1910 6,105 0 6,105 
1940 0 0 0 Retirements by Years 
Year 
loTaL 6,105 0 6,105 Installed Feet Year Feet Year 
1910 139 1928 347-1930 
Retirements by Years s 1924 17 1940 
Year 1927 291 1930 16 1940 
Installed Feet Year qe 1930 36 1940 
1910 05 9 940 
6,105 1940 Pure 1934 2 194 
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48-1IN. STEEL—Conpbuit 60-1n. No. 8 (contd.) 
7 Year Feet Retirements by Years } 
Installed Installed In Service Retired Year Ins 
1910 1,542 0 1,542 Installed Feet Year Feet Year Feet Year F 
1936 285 0 285 | 1911 21 1925 100 1928 455 1929 1 
1940 0 0 138 19400 
1,827 0 | 60-1IN. Cast-[RON No, 8 Tor 
Retirements by Years jot ; | Year Feet 
Year sxaes f | Installed Installed In Service Retired Ye 
Installed Feet Year Feet Year Feet Year | 1911 67 67 0 Inst 
1910 100 1928 732 1930 140 1939 | 1940 0 0 0 19 
570 1940 — 19) 
1936 40 1939 245 1940 | TOTAL 67 67 0 
36-IN 
60-1IN. STEEL—Conpbult No. 8 
48-1N. No. 7 
Year Feet Instal 
7 Year Feet Installed Installed In Service Retired 191. 
Installed Installed In Service Retired | 494] 1,112 1,112 0 191 
1911 52,531 50,463 2,068 | 1925 21 21 0 191: 
1927 706 706 0 1940 0 0 0 1918 
1933 274 —— —-- 192; 
1935 1,133 1,133 0 1937 
1940 338 338 1940 
54 599 52.531 2.068 72-1N. CONCRETE LINED TUNNEL ToTaL 
; Conpuit No. 8 
Retirements by Years — 7 Year Feet Year 
Year |sSInstalled Installed In Service Retired Installe 
Installed Feet Year Feet Year Feet Year 1911 66 66 0 1915 
1911 706 1927 274 1933 750 1935 | 1940 0 0 OF 1016 
338 1940 1917 
—— TOTAL 66 66 0 1918 
1925 
48-IN. Cast-IRON UNLINED —CONDUIT No. 7 36-IN. Woop-STAVE CONDUIT 
—— Feet No. 8 EXTENSION 48-1 
Installed Installed In Service Retired Year Feet Year 
386 386 0 Installed Installed In Service Retired Installed 
1940 0 1911 3,697 3,697 OF 1915 
TOTAL 386 386 1927 
| 
| 3,697 3,697 0 1928 
P 1932 
60-1n. Woop-Stave—Conbuit No. 8 | 36-1N. Cast-[RON UNLINED—COonDUIT 1940 
Year Feet No. 8 EXTENSION 
Installed Installed In Service Retired Year Feet Tora 
1911 12,390 11,676 714 Installed Installed In Service Retirei 
1928 100 100 0 1911 356 356 0 
1940 138 138 0 | 
ToTAaL 356 356 0 
TOTAL 13,083 12,369 714 | 
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36-IN. No. 9 48-1N. Woop-Stave—Conpuit No. 9 (contd.) 


Year Feet - - Retirements by Years 
Installed Installed In Service Retired | Year 
1916 1,208 0 1,208 | Installed Feet Year Feet Year Feet Year 
1918 1,209 0 1,209 | 1915 1,009 1925 700 1927 468 1928 
1940 9 0 0 | 200 1932 27,121 1937 
TOTAL 2,447 0 2,417 1927 700 1937 
Retirements by Years ee 1932 200 1937 
Year 1936 2,469 1939 
1916 1,208 1937 
1918 1,209 1937 
48-1n. Cast-IRON UNLINED—Conpbuir No. 9 
36-1N. CAST-IRON UNLINED—Conpuit No. 9 Year Feet 
Year Feet Installed Installed In Service Retired 
Installed Installed In Service Retired 
1915 106 1918 87 
1916 152 0 152 
> 1936 172 79 
: e 1940 0 0 0 
1918 85 85 
1937 43 43 0 Tora. 961 93 868 
1940 0 0 0 
455 “43 412 Retirements by Years 
Year 
Retirements by Years Installed Feet Year Feet Year 
Vear 1915 172 1936 445 1937 
Installed Feet Year Feet Year Feet Year 1917 b 1937 
1918 1937 
1915 47 1925 41 1936 18 1937 
1936 47 1937 32 1939 
1917 41 1937 
1918 85 1937 
5 2 93 
48-1n. STEEL—Conpuit No.9 
48-IN. Woop-StavE—Conpbuit No. 9 Year — Feet 
Installed Installed In Service Retired 
od all 1915 1,518 0 1,518 
Installed Installed In Service Retired 1940 0 0 0 
1915 29,498 29,498 ——. —- — 
1917 2469 2,469 Tora 1,518 0 1,518 
1927 700 9 700 
1928 468 468 
1932 200 ee 200 Retirements by Years 
1936 2,469 0 2,469 Year 
1940 0 0 0 Installed Feet Year 
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54-1N. No. 9 60-IN. STEEL—Conpbuit No. 11 
Year Feet Year Feet Ye 
Installed Installed In Service Retired | Installed Installed In Service Retired§ Insta 
1925 986 324 662 1925 46 46 0 192 
1940 0 0 0 1940 ay 0 0 0 194 
TOTAL 986 324 662 ToraL 4 46 0 § Tora 
Retirements by Years 
Year 
Installed Feet Year er” 66-1IN. Woop-StavE—Conpbutrt No. 11 Yea 
1925 986 Year Feet Instal 
Note: 324 ft. transferred to conduit No. 19— | Installed Installed In Service Retired} 192. 
still in service. 1925 52,427 39,830 12,507 | 194 
1,037 1,037 |. 
1933 2,810 2,810 | floral 
1934 785 785 
30-IN. STEEL—-Conbulit No. 10 1935 1.002 1,002 ; 
Year Feet 2350 1936 1,241 1,241 0 
Installed Installed In Service Retired 1937 2,076 2,076 0 Year 
1938 2,396 2,396 0 | 
1929 2,936 0 2,936 nsta 
1940 0 0 0 0 4925 
2! 
1940 650 650 0 1940 
TOTAL 
Retirements by Years Retirements by Years 
Year Vear 
Installed Feet Year 7 si: Installed Feet Year Feet Year Feet Year} _ 
2,936 1940 1925 1,037 1932 2,810 1933 785 1934) 
1,002 1935 1,241 1936 2,076 1937] Jnstalle 
2,396 1938 600 1939 650 1940} 1925 
1940 
36-1n. CAstT-IRON UNLINED—Conpbuit No. 10 
ToTAL 
- 66-1IN. No. 11 
Installed Installed In Service Retired 
1921 36 Year Feet 84. 
1924 108° 108 Installed Installed In Service Retired} Year 
1940 0 1925 260 260 0 | Mmstallec 
1940 0 0 © 
TOTAL 260 260 0 
54-1n. No. 10 
66-1IN. No. 11 
Year Feet | : 
Installed Installed — In Service Retired | Year Feet Year 
1921 27,100 27,100 0 | Installed Installed In Service Retired} Installed 
1924 20,446 20,446 ad 0 | 1925 104 104 0 7 1930 
1940 0 1940 0 0 0 1940 
Toray 47,546 47,546 0 | TOTAL 104 104 0 | 
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48-1InN. STEEL—ConbuItT No. 12 60-1In. No. 13 
Year Feet Year Feet a : ; 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1925 5,439 5,439 0 1930 57,722 57,722 0 
1940 0 0 0 1940 0 0 0 
Toral 5,439 5,439 0 TOTAL 57,722 __ 57,722 0 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1925 8,936 8,936 0 1928 4,521 4,521 0 
1940 0 0 0 
TOTAL 8,936 8,936 0 = 
— 4,574 4,574 0 
66-1N. STEEL—Conbutt No. 12 16-1n. Cast-IRON UNLINED—Conpuit No. 16 
Year Feet Year Feet 
Installed Installed Installed In Service Retired 
1925 1939 1,941 1,941 0 
1940 0 0 0 
0 | 1,941 1,941 0 
66-1N. ConcRETE—ConbulT No. 12 42-1n. SreEL—Conpuit No. 16 
Year Feet Year Feet 
Installed Installed In Service Retired Installed Installed In Service Retired 
1925 31,211 31,211 0 1938 45,613 45,613 0 
1940 0 0 0 1940 0 0 0 
ToTAL 31,211 31,211 0 TOTAL 45,613 45,613 
84-1n. No. 12 30-1N. No. 17 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1925 619 619 0 1938 631 631 0 
1940 0 0 0 1940 =. toe 0 
ToraL _ 619 619 0 TOTAL 631 0 
54-1IN. CONCRETE—ConpbulitT No. 13 36-IN. STEEL—Conpult No. 17 
Year Feet Year Feet a 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1930 103 103 0 1938 244 244 0 
1940 0 0 0 1940 0 0 0 
ToTaL 103 103 0 TOTAL 244 244 0 
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51-1IN. oD. STEEL—Conpbuit No. 17 54-1IN. No. 18 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
° 1938 6,344 6,344 0 1938 21,280 21,280 0 
1940 0 0 0 1940 0 0 0 
TOTAL 6,344 6,344 ; 0 TOTAL 21,280 21,280 ; 0 
57-1N. oD. STEEL—Conpbuit No. 17 42-1IN. CONCRETE—CONDUwuIT No. 19 
Year Feet Year Feet : 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1938 12,581 12,581 0 1938 20,550 20,550 0 
1940 0 0 0 1940 0 0 0 
Total _‘12,581 12,581 0 TOTAL _ 20,550 20,550 0 
63-IN. OD. STEEL—Conpbuit No. 17 54-1IN. CONCRETE—Conpbwuirt No. 19 
Year Feet Year Feet 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1938 17,563 17,563 0 1925 324 324 0 
1940 0 -*~ 0 | 1940 0 0 0 
Toran 17,563 17,563 | ToraL 324 324 0 
| 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1895 1928 1 1 0 
1901 2 i. ina 1940 0 0 0 
1904 2 | Tora 30 19 
1905 0 
1906 1 a 0 Retirements by Years 
1907 5 3 
1908 2 0 Year Num- Num- Num- 
1909 2 ° 1 1 Installed ber Year ber Year ber Year 
1910 1901 1926 
1911 1904 1 1938 
1913 1 1905 1 1939 
1914 1907 1 1924 1 1931 1 1935 
1917 1 1909 1 1925 
1924 0 10 192900 
1925 1911 1 1928 a 
1926 1 1 0 1913 1 1923 
1927 1 | 1917 1 1927 


19 
19 
19. 
19. 
1912 
1914 
1915 
1929 
1932 
1940 


Year 


1935 
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1}-1N. VALVES 


Year Number 
Installed Installed In Service Retired 
1936 1, 1 
1938 1 0 
1940 0 0 


TOTAL 34 | 
5 


Retirements by Years 


Year Num- Num- 

Installed ber Year ber Year ber Year 
1890 2 1922 
1904 2: 1a 3 1926 
1905 1 1928 7 
1906 1 1925 1 1926 1 1928 
1907 1 1931 
1923 1 1930 1 1931 
1924 1 1926 


Num- 


| 


14-IN. VALVES 


Year Number 
Installed Installed In Service Retired 

1890 2 0 2 
1 0 
0 
1904 0 3 
1905 an 1 0 1 
1906 3 
1908 3 te ysl 0 
1911 1 0 
1915 H ‘th 0 
1917 2 0 
918 0 
0 
1923 + +.|}™ 2 
1931 
Year Number 


Installed Installed 


1892 
1898 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1914 
1915 
1916 
1918 
1924 
1925 
1928 
1929 
1932 
1940 


— 


TOTAL 


In Service 


We 


Retired 


Retirements by Years 


Year Num- Num- 

Installed ber Year ber Year 

1892 2 1923 

1905 1 1924 1 1929 

1906 1 1926 1 1930 

1907 1 1928 

1908 1 1924 1 1925 
1 1930 

1909 1 1926 1 1928 

1910 | 1926 1 1930 

1912 1 1926 

1914 1 1928 

1915 1 

1916 1 

1918 1 

1924 1 

1932 1 


Num- 


ber 


Year 


ired 
0 
0 
ired 
0 
0 
fired 
0 
0 ori 
0 N 
| | 
0 1 1928 
0 
1 
0 
60 37 23 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION Vol. 37 


Number 


mber 


Retirements by Years 


Year 
Installed Installed In Service Retired | 
1890 14 0 14 
1891 1 1 0 
1892 10 10 
1893 a 0 5 
1894 ae 0 3 
1896 2 0 2 
18997 3 0 3 
1898 2 0 2 
1902 a 0 1 
1903 3 3 
1904 14 6 8 
1905 19 7 12 
1906 19 6 13 
1907 10 3 7 
1908 27 16 11 
1909 52 20 32 
1910 41 10 31 
1911 48 ta 27 
1912 22 a 15 
1913 18 0 18 
1914 9 5 4 
1915 7 4, 3 
1916 5 3 
1917 8 6 
1918 5 3 2 
Year Num- Num- 
Installed ber Year Year ber Year 
1890 6 1911 1912 3 1923 
1 1924 1927 
1892 3 1923 1924 1 1933 
1893 1 1935 1936 2 1937 
1894 2 1923 1930 7 
1896 1 1925 1929 "Isa 
1897 3 1923 
1898 1 1911 1938 
1902 1 1930 
1903 3. 1924 | 
1904 4 1923 1924 1 1927 
1 1931 1933 
1905 7 1924 1925 1 1930 
1 1932 1926 
1906 1. 1923 1924 1 1927 
1 1929 1933 1 1937 
2 1939 
1907 1 1922 1923 2 1931 
3 1939 
1908 1 1924 1927 4 1930 
3 1931 1936 
1909 1. 1923 1924 2 19 
5 1926 1927 5 19 


2-IN. VALVES 


Year 


Installed 


1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 


TOTAL 


Year 


Installed ber 


1909 


1910 


10 


Installed 


12 


Year 


1929 
1933 
1923 
1926 
1929 
1932 
1913 
1926 
1931 
1924 
1931 
1923 
1928 
1920 
1940 
1926 
1927 
1924 
1931 
1925 
1934 
1925 
1929 
1937 


~ 


bo 


— 


In Service 


Year 
1930 
1937 
1924 
1927 
1930 
1933 
1923 
1927 
1932 
1927 
1932 
1924 
1930 
1931 


1940 
1931 
1927 
1926 


1926 
1931 


| SOC ON WHEN 


wn 


Installe 


Au‘ 


192 


192 


Year 
Install. 
1907 
1911 
1939 
1940 


TOTAL 


Year 


1881 
1890 
1891 
1892 
1895 
1897 
1912 
1917 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 


.. 
Retired Ye 
4 Inst 
27 17 10 19 
70 31 39 
182 106 76 
124 64 60 
81° 43 38 
47 3 | 
43 
3 30 
= 14 
10 
11 
oat 
9 
is 
192. 
2 
| 10 
10 9 
14 12 
11 
1,129 611 His 
‘um- Num- Num- 
r Year 
1931) 
| 
1928 
1931 
1939 
1928 
1940 
12 1936 
1931 
13 1927 
193} 
14 1936 
15 
16 1940 
17 1931 
18 
19 193! 
20 1928 
| 1932 
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2-1In. VALVES (contd.) - 
Year Num- Num- Num- | Year Num- Num- Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
1921 1 1923 | 1925 2 1926 | 1925 2 1927 3 1928 4 1929 
6 1927 8 1928 1 1929 4 1931 4 1932 1 1933 
3 1930 9 1931 1 1932 1 1934 2 1937 1 1938 
1 1933 3 1939 3 1940 1 1939 
1922 4 1923 3 1924 6 1925 1926 1929 1 1930 1 1936 
2 1926 14 1927 13 1928 1 1937 5 1940 
1 1929 5 1930 14 1931 | 1927 1 1928 1 1930 1 1939 
8 1932 2 1935 1 1937 | 1928 1 1929 1 1930 1931 
3 1939 3 1932 1 1938 ; 
1923 1 1924 7 1925 1 1926 | 1929 1 1935 1 1939 
11 1927 12 1928 2 1929 1930 1 1930 
3 1930 8 1931 3 1933 1931 2 1938 1 1939 
1 1937 7 1939 4 1940 1932 1 1938 1 1939 
1924 1 1926 + 1927 2 1928 1936 1 1937 ; ' 
3 1929 4 1930 9 1931 | 1938 1 1939 
2 1932 2 1935 1 1937 | 1939 2 = as 
2 1938 2 1939 6 1940 | 
24-1n. VALVES 
Year Number | Retirements by Years 
Installed Installed In Service Retired | Year 
1907 1 1 Q | Installed Number Year 
911 0 1911 1924 
1940 0 0 
Tora. 3 2 1 
3-IN. VALVES 
Year Number | Year Number 
Installed Installed In Service Retired | Installed Installed — In Service Retired 
1881 14 14 1927 51 
1890 1 1 1928 91 
1891 2 2 1929 46 
1892 l 1930 
1895 2 0 1931 i 
1897 1 1 1932 20 
1912 1 0 1933 15 
1917 1 0 1934 14 
1919 1 1 1935 a 
1920 1 1 1936 37 
1921 4 0 1937 ae 
1922 17 11 6 1938 i. 
1923 63 35 28 1939 cna 
1924 59 19 1940 
1925 = —- 
1926 «40 29 11 TOTAL 522 161 
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3-IN. VALVES (contd.) 
Retirements by Years tte 
Year Num- Num- Num- Year Num- Num- Num- Ye 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Ye Inst 
1881 1 1912 1 1913 1 1927 2 1940 18 
1928 4 1929 3 1934 1927 1 1928 3 1931 1 103] 48 
1 1938 1 1939 2 1934 1 1936 1 1937] 48: 
1990 1 1916 1928 1 1929 2 1930 3 493 
1891 2 1924 a 4 1932 1 1935 1 1037) 48 
1892 1 1924 = 1 1938 1 1939 1 1949 
1897 1 1924 rigt 1929 2 1930 3 1931 2 030) 4186 
1919 1 1931 1 1935 1 1937 2 1949 
1920 1 1925 1930 1 1930 3 1932 2 4933 
1922 1 1925 1929 2 1937 1 1938 1 1939 
3 1932 1 1940 
1923 5 1925 1 1926 10 1927 1931 1 1933 1 1936 1 1938) 4189 
3 1928 3 1931 5 1932 1 1939 
1 1940 1932 1 1932 
1924 4 1925 4 1928 3 1930 1934 1 1937 
5 1931 1 1932 1 1933 1935 1 1937 1 1939 1 1949 
1 1940 1936 3 1937 1 1940 1892 
1925 1 1925 3 1927 1 1928 | 1937 1 1937 
2 1931 2 1933 2 1937 1938 1 1940 7 1893 
2 1940 1939 1 1939 
1926 1 1927 2 1931 6 1932 1940 1 1940 
1894 
1895 
4-IN. VALVES 1896 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired _1897 
1881 1 Oo | 1 1915 1 0 1 
1883 2 1916 8 6 2 
1888 14 7 1917 0 
1889 12 07 12 1918 5 5 0 
1890 144 118 26 1919 9 9 of Year 
1891 178 113 1920 2 2 0 Installec 
1892 41 11 30 1921 10 10 0— 1880 
1893 61 40° 21. | 1922 20 18 29 1881 
1894 40 22. 1923 9 7 1883 
1895 1924 15 13 1884 
1896 17 1925 7 6 1885 
1897 7 1926 4 4 1886 
1898 7 0 1927 12 10 1888 
1899 1928 13 13 1889 
1900 - 1929 6 6 1890 
1901 1930 11 8 1891 
1902 19 16 1931 8 OF 1892 
1903 1932 4 4 OF 1893 
1904 a 1934 3 1 Of 1894 
1905 aw 1935 2 OF 1895 
1906 1936 1 OF 1896 
1907 380s 80 8 1937 4 1 1897 
1908 1 1938 2 2 0 
1909 a. on 3 1939 3 3 0 
1910 .. 2 1940 4 4 0 
1913 13 0 ToraL 943 666 277 
1914 


> 
= 
4 
| 
4 
4 
3 
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4-1IN. VALVEs (contd.) 


August 1945 : DENVER SURVIVAL AND RETIREMENT pee: 


Year Num- Num- Year Num- 

Installed ber Year ber Year Year | Installed ber Year ber ber Year 
1881 1 1927 1899 6 1906 3 1912 2 1929 
1883 2 1926 1 1930 
1888 a £ 1926 1901 2 1 1986 

1 1934 5 
1889 He 2. 19%) 1922 1902 
7 1928 1 1934 1903 1 1931 
1890 1 1911 1 1982 1913 1904 1 1923 11 1931 
1 1916 4 1924 1925 1905 | 1927 
War 1929 1906 1 1916 2 1924 
2 1930 2 1931 1934 1 1930 1 1931 
1 1936 1907 1 1924 
1891 1 1909 1 1916 1918 1908 1 1932 
10 1924 1 1926 1927 1909 3 1926 
2 1928 1 1929 1930 1910 i 6 ft jee 
7 1931 8 1932 1934 1911 1 9825 
3 1940 1914 1 1940 
1892 6 1911 4 1923 1924 1915 1 1926 
1893 10 1930 1 1931 1932 1917 1 1928 
1 33 1 1937 1938 1922 2 #932 
3 1940 1923 1 1928 1 1932 
1894 2 2925 1928 1924 1928 1 1939 
1895 2 1928 1925 1 1928 
1896 1 1924 3 1927 7 1929 1927 1 1931 1 1937 
1 1939 1930 2 iat 1999 
1897 2 1939 
— 
Year Number Year Number 

Installed Installed In Service Retired | Installed [Installed In Service Retired 
1880 «10 8 2 1898 4 4 0 
1883 15 4 1900 
1884 5 5 0 1901 
1885 — 20 0 1902 
1886 2 12 0 1903 80 74 6 
1888 51 49 2 1904 75 70 J 
1889 50 46 4 1905 65 63 2 
1890 784 662 122 1906 ; 114 4 
1891 485 449 36 1907 120 117 a 
1892 500 457 43 1908 34 | 
1893 0 

2 
12 
8 
4 


> 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION as Vol. 37 & Aug 
Year Number Year Number Yea 
Installed Installed In Service Retired | Installed Installed In Service Retired & Instal 
1914 23 23 0 1929 72 72 0 188. 
1915 15 5 0 | 1930 98 92 6 188: 
1916 107 3 1931 95 95 0 1888 
1917 15 0 1932 42 42 0 1889 
1918 9 0 1933 11 11 0 1890 
1919 48 2 1934 5 5 0 1891 
1920 1 1935 38 38 0 1892 
1921 5 1936 29 29 0 1893 
1922 2 1937 54 54 0 1894 
1923 9 1938 32 32 0 1895 
1924 10 1939 72 72 0 1896 
1925 4 1940 74 74 0 1897 
1926 2 1899 
1927 3 TOTAL 5,475 5,096 379 <4 
1928 0 
1903 
Retirements by Years wae 1904 
Year Num- Num- Year Num- Num- Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
1880 2 1932 - -“@ 1901 2 1912 1 1923 4 19248 
1881 1 1934 1 1938 1 1931 1 1932 1 19378 
1883 3 1914 1 1917 1902 5 1907 1 1913 4 1927) 
1888 1 1920 1 1935 1 1933 1 1937 1912 
1889 4 1925 1903 1 1910 1 1923 1 19248 
1890 33 1902 23 1903 2 1904 1 1929 2 1932 1914 
1 1905 6 1907 6 1910 1904 1 1924 1 1929 3 1931 
1916 1917 1921 1905 1 1928 1 1931 
= 17—««:1922 2 1923 2 1926 1906 1 1927 1 1935 2 1940 
i 3 1927 4 1929 6 1931 1907 2 1929 1 1931 Year 
1933 1 1934 1 1935 1908 1 1916 nstalled 
1 1936 1 1937 7 1938 1910 1 1927 1 1931 1883 
1 1939 1911 2 1912 5 1924 4 19268 
1891 2 1905 3 1907 2 1915 | 1 1931 } 
3 1917 2 1918 2 1923 | 1912 2 1924 1 1927 4 1930 © 
4 1924 2 1926 1 1936 | 1 1932 ‘a 
1 1938 14 1940 1913 4 1931 1891 
1892 21 1901 5 1904 2 1906) 1916 2 1928 1 1937 
1 1911 3 1922 2 1923 | 1919 1 1924 1 1927 1802 
2 1926 6 1930 1 1938 1920 1 1939 1895 
1893 1 1925 1 1938 1921 4 1931 1 1940 | 
21923 1922 1 1928 1 1929 
1895 3 1907 2 1908 5 1913 1923 1 1927 1 1928 2 1931 
2 1922 8 1923 1 1926 3 1932 2 1940 
2 1927 3 1932 3 1933 1924 2 1928 1 1930 4 19319 
4 1937 3. 1939 Year 
1896 1 1908 8 1939 1925 1 1930 1 1932 2 1940Mnstalled 
1926 1 1931 1 1932 1390 
19000 1927 1 1928 2 1931 1801 
1930 1 1932 1 1939 4 19408 


a 


8-IN. VALVES 
Year Number Year Number 
a Installed Installed In Service Retired | Installed Installed In Service Retired 
| 1883 12 11 1 1915 | 1 0 
| 1884 3 3 0 1916 1 0 
| 1888 1 1 0 1918 5 0 
| 1889 16 16 0 1920 oe 6 0 
| 1890 246 226 20 1921 3 07 
| 1891 119 109 10 1922 13 = 
| 1892 12 11 1 1923 4 0 : 
E1393 13 13 0 1924 24 0 
: 1894 2 2 0 1925 3 in 
| 1395 64 60 4 1926 19 | 
| 1896 r 4 4 0 1927 29 0 
| 1897 fess 1 0 1928 49 1 
1899 0 1929 12 
1900 “pi 1 0 1930 54 2 
1901 5 0 1931 147 
1902 4 1 0 1932 92 0 
1903 6 6 0 1933 17 0 
1904 0 1934 i6 0 
1905 8 7 l 1935 2 1 
1906 4 4 0 1936 27 0 
ar § 1907 13 13 0 1937 12 0 
248 1908 3 1 1938 34 
37 F 1910 10 10 0 1939 ‘ 95 
27 1911 5 3 0 1940 7 77 
1912 4 4 0 : 
248 1913 4 4 0 TOTAL 1,311 
1914 2 2 0 7 
31 
40 Retirements by Years 
Year Num- Num- Num- Year Num- Num- 
nstalled ber Year ber Year ber Year | Installed ber Year ber Year 
1883 1 1934 1904 1 1931 
26 F 1890 1 1902 1 1906 1 1907 1905 | 1928 
1 1910 1 1911 1 1916 1908 1 1923 
30 7 1922 2 1924 2 1926 1922 2 1926 
1 1932 1 1938 1 1940 1926 | 1931 
1891 1 1904 3 1918 1 1922 | 1928 1 1931 
1 1924 4 1931 1929 1 1931 
1892 1 1904 | 1930 1 1938 1 
1995 1 1904 1 1927 1 1928 | 1935 1 1939 
1 1933 
= 
Year Year Number 
40 Installed In Service Retired | Installed Installed In Service 
1890 103 + 91 12 1894 10 10° 0 
1891 35 . 32 3 1895 17 17 0 
40 F 1893 7 1899 2 
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10-IN. VALVEs (contd.) q 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retire Yea 
1900 2 0 1932 | 
1906 3 3 0 1939 1 1891 
i910 I 1 0 1940 2 2 of 1892 
_ 1912 10 10 0 TOTAL 263 239 4 1895 
1914 1 1 0 1898 
; 1915 a. 4 0 Retirements by Years 1901 
4916 2 2 0 1908 
: 1917 = 1 1 0 Year Num- Num- Num- 1911 
; 1920 7 4 3 Installed ber Year ber Year ber Yeh 1915 
1921 1 0 1890 3 1902 2 1903 2. 
1922 12 12 0 2 1910 2 1922 1 49% 
1923 4 4 0 1891 2 1918 1. 1935 
: 1924 8 8 0 1893 2 1904 Year 
1925 2 2 0 1901 1 1935 oe Installec 
1927 5 0 1903 1 1934 1890 
1928 0 1920 3 1937 1891 
; 1929 1 1 0 1930 1 1940 1802 
1930 2 1 1937 1893 
12-IN. VALVES 1901 
1908 
Year Number Year Number 1910 
Installed Installed In Service Retired | Installed Installed In Service Retire 1916 
5 5 0 1916 27 1918 
« 1884 4 4 0 1917 10 5 5p 1920 
: 1888 6 6 0 1918 10 10 go} 1924 
10 10 0 1919 16 1928 
; 1890 110 93 17 1920 as 2 12 of 1940 
50 47 3 1921 own 0 
1892 260 232 7 28 1922 32 32 0p Toran 
1894 3 a 1923 55 52 3 
1895 16 — 1924 133 133 0 
1896 3 0 1925 14 13 i Fer 
1897 0 1926 15 13 LB installed 
1898 5 1 1927 71 70 1B 
3 0 1928 63 63 OF 
30 3 1929 35 35 OF 1895 
17 0 1930 84 81 1908 
=. 1903 5 0 1931 105 104 IF 1916 
1904 20 0 1932 85 85 0 
1905 i 0 1933 2 2 0 
1906 7 0 1934 1 1 ( 
1907 66 0 1935 1 0 ty 
1908 20 1936 10 10 
: 1910 44 0 1937 28 28 op stalled 
1911 75 5 | 1938 44 42 2h 1872 
1912 32 0 | 1939 87 87 0% 1890 
1913 24 0 | 1940 51 51 Op 1940 
1914 2 0 | = - Z 
| Toray 1,820 1,734 OTAL 


— 


1915 


5 
4 


= | 


‘ear 
934 
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12-1IN. VALVEs (contd.) 


Year Num- Num- Num- Year Num- Num- Num- 
Installed ber Year ber Year ber- Year | Installed ber Year ber Year ber Year 
1890 = 11 1903 2 1921 1 1925 1916 2 1919 1 1936 
1 1926 1 1927 1 1929 1917 2 1923 1 1927 2 1939 
1891 2 925 |] 1933 1921 1 1940 
1892 14 1902 13 1903 1 1910 1923 3 1930 
1894 3 1924 1925 1 1932 
1895 1 1927 1926 1 1929 1938 
ios 
01 3 1925 1930 1 1931 2 1940 
108 19270 1931 1 1990 
i915 11931 193821940 
14-IN. VALVES | 16-IN. VALVES 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1890 40 36 4 1890 44 38 
1891 14 14 0 1891 13 12 
1892 2 2 0 1894 7 4 7 4 
1893 1 1 0 1895 5 5 
1894 2 0 2 1899 \ 4 2 
1895 2 1 1 1901 ; 1 1 
1898 1 1903 6 6 
1901 2 2 0 1904 1 : 1 
1908 1 0 1 1906 ; 1 1 
1910 1 1 0 1907 4 4 
1916 1 0 1 1908 6 - 
1918 2 2 0 1910 I a 
1920 2 2 0 19150 3 3 
1924 2 a 0 1918 4 4 
1928 1 1 0 1919 6 7 6 
1940 0 0 0 1920 5 5 
-- - 1922 1 1 
TorAL 74 9 1923 16 
Retirements by Years 1925 1 
Year Num- Num- Num- 
Installed ber Year ber Year ber Year 1929 ; 0 
190 2 1902 1 1911 1 1932 | 4 
1895 1 1925 1937 2 2 
1908 1 1939 1940 6 6 
1916 1 1925 
Toran 150 140 
15-1N. VALVES 
Year Number | Retirements by Years 
Unstalled Installed In Service Retired | Year Num- Num- Num- 
1872 3 Ea ae | Installed ber Year ber Year ber Year 
5 ~ ae 0 | 1890 3 1902 2 1904 1 1917 
0 1891 1 1913 
| 1927 1 1929 1 1933 
8 8 0 1 1939 


1929 


| 
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18-IN. VALVES 
Number Year Number 


Year 
Installed Installed In Service Retired | Installed Installed In Service Retired Inst 
7 1890 22 22 0 1937 1 1 0 18 
0 1940 0 0; 18 
1906 Was 0 TOTAL 41 19 
1908 wal 0 19 
1924 : a 5 0 Retirements by Years 19 
1925 3 3 0 Year 19: 
1927 2 1 1 Installed Number Year 19: 
e. 1931 3 3 0 1927 1 1937 197 
dine ~ 193 
Year Number Year Number 193 
Installed Installed In Service Retired | Installed Installed In Service Retired 194 
1881 i 2 2 1928 1 1 0 
1888 = 1 1 0 1937 2 2 of Tora 
1889 1 1 0 1938 <_e 2 0 
1890 we 1 0 1940  » ®@ 0 0 
1891 1 0 ~ Year 
1895 2 1 1 Total 43 5) Instali 
1899 4 3 1 1891 
1903 2 2 0 Retirements by Years — 
1908 “e 0 1 Year 
1920 10 10 0 Installed Number Year Number Ven 
1923 1 1 0 1881 1 1932 1 5 
1924 8 8 0 1895 1 1925 Year 
1925 3 3 0 1899 1 1937 Install: 
_ 1926 4 4 0 1908 1 1940 1924 
1925 
d 24-IN. VALVES 1927 
Year Number Year Number _1933, 
Installed Installed In Service Retired | Installed Installed In Service Retir 
1890 14 14 0 1929 0 
1891 1 0 1930 “3 
1892 16 15 1932 4 0 
1893 1 1 0 1933 0 
1895 2 2 0 1936 I I 0 
1901 7 6 1938 14 14 op Year 
1903 2 2 0 1939 8 5 Of Installed 
1908 5 4 1 1940 - 3 OF 1885 
2 1910 8 8 0 - — —f 1889 
D 1911 2 1 1 TOTAL 150 143 7h 1890 
Rs 1913 2 2 0 191 
a 1918 5 5 0 Year 1894 
1920 1 1 0 | Installed Number Year Number Yeh 
1923 13 13 0 | 1892 1 1906 7 1896 
13 | 1901 1 1928 1897 
j 1925 2 2 0 1908 1 1925 ; 1899 
1926 3 3 0 1911 1 1923 . 1900 
1927 13 13 0 1929 1 1940 1901 
1928 2 2 0 1930 1 1932 1 19% 1902 


= 
‘ 
t 
7 


en | coco 


Year 


| 


> 
= 
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30-1N. VALVES 36-IN. VALVES (contd.) 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1888 1 1 0 1936 1 1 0 
1891 1 1 1940 0 
1903 2 2 0 - 
1912 1 0 ToTraL a 0 
1917 2 i 2 0 
1923 10 10 0 
1924 3 0 
1925 7 us - 0 42-IN. VALVES 
1927 0 Year Number 
1929 er 1 0 Installed Installed In Service Retired 
1932 1924 1 1 0 
1933 2 2 0 1925 , 6 1 
1936 6 6 0 1940 2 0 
1940 0 0 =A Wee 
TOTAL 45 44 1 b 
R ti ts b Yi 
Year Installed Number Year 
Installed Number Year 1925 1937 
1991 1 19002 
ome 48-IN. VALVES 
Year Number = Installed Installed In Service Retired 
Installed Installed In Service Retired 1925 2 2 0 
1924 4 4 0 1933 aoe 0 
19225 1 11 0 1940 0 
1927 4 3 3 0 
HYDRANTS AND APPURTENANCES = 
tor 4-1In. HyDRANTS 
Year oe Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1885 1 0 1 1903 2 0 2 
1889 19 0 19 1904 en Sn 1 0 
1890 100 57 43 1905 5 7 5 0 
1891 91 58 33 1906 - 5 10 
1892 40 25 15 1907 + 4 
1893 85 54 31 1909 ae 2 
1894 90 54 36 1910 " 1 
1895 6 2 4 1911 26 
1896 4 2 1912 1 
1897 1 0 1913 a 1 
1899 8 ine 3 1915 9 
1900 1 1 1916 1 
1901 27 12 15 1917 : 0 
1902 14 9 5 1918 0 
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4-1n. HyDRANTs (contd.) 
Year Number | Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired Insi 
1919 3 0 3 1929 
1921 1 0 1 1930 
1922 1 0 1 1931 
1923 2 0 2 1932 
1924 1 oO | 1 1936 
1925 5 2 11% 1938 
1926 2 2 0 1940 
1927 2 1 1 — 
1928 4 2 2 TOTAL 612 
Retirements by Years 
Year Num- Num- Num- Year Num- Num-— 
Installed ber Year ber Year ber Year | Installed ber Year ber 
1885 1 1909 1896 2 1926 
1889 1 1911 2 1915 1 1922 | 1899 3 1928 
1 1923 1 1926 2 1927 1900 1 1927 
4 1928 § 1932. 2 1936 1901 1 1923 3 
1890 7 1915 1 1922 3 1923 1 1929 1 
1 1925 1 1926 4 1927 1 1932 1 
oe 5 1928 11 1930 2 1931 1902 3 1931 1 
* 4g 5 1932 1 1934 1 1939 | 1903 1 1919 1 
<~ 1 1940 1906 4 1930 1 
1891 S 1918 7 1924 1 1927 1907 1 1932 1 
1 1928 6 1931 3 1932 1911 1 1928 1 
1 1933 5 1934 1 1935 1912 1 1928 
1 1936 1 1937 3 1940 1915 1 1928 
1892 1 1906 3 1923 2 1927 1917 1 1928 
4 1929 2 1930 3 1931 1918 1 1936 
1893 1 1915 1 1923 1 1926 | 1919 3 1927 
6 1927 4 1928 1 1929 1921 1 1929 
10 1930 2 1931 1 1932 1922 1 1930 
1 1937 1 1938 2 1940 1923 1 1924 1 1931 
1894 4 1922 4 1923 1 1924 | 1924 1 1932 
1 1925 2 1926 9 1928 1925 1 1928 1 1932 1 1940§ 1892 
1 1929 2 1930 6 1931 1927 1 1928 1893 
3 1932 2 1939 1 1940 1928 2 1940 1894 
1895 2 1923 1 1929 1 1936 1931 1 1940 
1899 
Year > Number Year Number 
Installed Installed — In Service Retired | Installed Installed In Service Retired 
1889 251 250 1 1899 35 34 1 
1890 «557 1900 14 14 0 
1891 : 1,116 = 1,061 Ss 1901 179 176 3 Year 
1892 a 1902 93 91 2 Installed 
1893 17 14 1903 20 19 1 1889 
1894 46 34 2 1904 31 31 0 1890 
1895 143 140 3 1905 42 41 1 1891 
1896 19 7 19 0 1906 97 92 5 fF 1892 
1897 4 4 0 1907 80 Y i 3 1893 
3 3 0 1908 F 0 1894 


"4 
a 
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| 
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6-IN. HYDRANTS (contd.) 


Year Number | Year _>- 
Installed Installed In Service Retired | Installed Installed In Service Retired 
5 5 0 1926 34 34 0 “ 
11 1927 4 114 1130 1 
30 30 1928 108 107 1 
3 1929 80 78 2 
4 a 4 tg 1931 _ 4 159 1 
7 1932 322 0 
13 1933 15 0 
6 1935 «a 0 
24 1936 0 
10 1937 wie 
41 39 2 1938 » 0 
110 109 1 | 1939 34 0 
98 96 2 | 1940. 23 0 
156 156 0 | — — 
82 82 0 | Toral 4,298 132 
Retirements by Years 
Year Num- Num- Num- Year Num- Num- Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
1889 1 1915 1903 1 1938 
1890 1 1906 2 1915 2 1923 1905 1 1928 
1 1927 2 1929 3 1930 1906 1 1928 1 1930 1 1931 
3 1931 1 $932 (1 1935 1 1937 1 1940 
1 1936 1 1937 1 1938 1907 1 1926 1 1929 | 1940 a 
3 1939 1913 1 1913 
1991 3 1914 1 1915 1 1923 1916 1 1932 
3 1926 4 1927 1 1929] 1918 1 1930 | 
3 1930 4 1931 5 1932 1919 1 1927 
5 1933 4 1935 1 1936 1920 1 1937 
6 1937 6 1938 4 1939 1921 1 1930 1 
4 1940 1922 1 1927 
1892 1 1927 1 1930 1 1935 1923 1 1927: 1 
1893 1 1923 1 1932 1 1937 1927 1 1939 
1894 8 1922 1 1928 1 1932 1928 1 1940 
1 1937 1 1938 1929 1 1937 | 
1895 1 1933 1 1937 1 1938 1930 1 1939 
1899 1 1930 1931 1 1933 7 
1901 1 1923 1 1931 1 1935 1937 1 1940 
1902 1 1929 1 1933 


Year 
Installed 


Number 


4-1n, Cast-IRON HypRANT BRANCHES 


+ 


Number 


Installed 


In Service 


Year 
Retired | Installed Installed 
139 1895 66 
155 1896 36 
257 1897 
177 1898 
349 1899 
545 1900 


In Service 


Retired 
32 
32 
0 
0 
51 
37 


823 
1889 270 131 34 . 
1890 600 445 4 
1891 1,089 832 
1892 800 623 a 10 
1893 492 143 7 35 4 
1894 1,500 955 
: q 


4-1n. CAst-IRON HyDRANT BRANCHES (contd.) 


JOURNAL—AMERICAN WATER WORKS ASSOCIATION “a Vol. 37 


Year ie Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1901 323 121 1921 12 4 8 
1902 175 47 | 1922 8 8 0 
1903 49 8 1923 48 14 34 
1904 51 0 1924 21 15 6 
1905 48 0 1925 42 6 36 
1906 197 91 1927 18 18 0 
1907 92 21 1928 78 78 0 
1909 6 0 1929 4 4 0 
1911 70 6 1930 44 44 0 
1912 30 0 1931 ~ § 0 
1915 12 0 1937 42 42 0 
1916 24 0 1940 3 3 0 
1917 8 8 = 
1919 25 25. | Tora 6,633 4,448 2,185 
‘ Retirements by Years 
Year | Year 
Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year 
1889 25 1923 6 1926 24 1927 1896 28 1926 4 1933 
4 1928 54 1932 26 1936 | i899 51 1928 
7 1890 36 1923 40 1927 24 1928 1900 37 1928 
. 9 1931 23 1932 23 1937 1901 35 1923 39 1925 10 1928 
1891 86 1924 12 1927 8 1932 | 25 1931 12 1932 
51 1934. -23.- 4935 5 1936 1902 26 1931 9 1932 12 1937 
14 1937 8 1939 50 1940 1903 8 1923 
1892. -83 4923 18. 196. 41 1930 1906 37 1930 54 1939 
24° $83) 11: Bez | 1907 10 1932 11 1939 
1893 32 1923 4 1926 63 1927 1911 6 1928 awl i 
85 1928 29 1929 86 1930; 1917 8 1928 od 
9 1931 6 1932 12 1937 1919 25 1927 rr 
; 4 1938 19 1940 1921 8 1929 i Ss ‘ 
1894 148 1922 34 1923 10 1924 | 1923 24 1924 10 1931 
9 1925 22 1926 106 1928 | 1924 6 1932 
46 1931 51 1932 88 1938 | 1925 7 1928 10 1930 10 1932 
31 1939 9 1940 
1895 25 1923 7 1929 
6-1IN. Cast-IRON HyDRANT BRANCHES 
Year Number | Year Number 
Installed Installed — In Service Retired | Installed Installed In Service Retired 
1889 2,012 2,004 8 1901 1,284 1,207 77 
1890 6,191 5,824 367 1902 1,065 
1891 17,076 16,073 1,003 1903 439 
1892 94 60 34 1904 354 
1893 242 187 55 1905 323 
1894 530 22 1906 1,992 
1895 1,87 1,769 109 1907 811 
1896 | 144 95 49 1908 74 
46 46 1909 S7 
156 1910 151 
486 453 1911 309 
1900 235 0 1912 22 
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1889 
1890 
1891 
1892 
1893 
1894 
1895 


In 

1 

1 

1 

1 
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August 1945 DENVER SURVIVAL AND RETIREMENT 825, 

6-IN. CAST-IRON HYDRANT BRANCHES (contd.) 
Year Number | Year Number 


Installed Installed In Service Retired | Installed Installed In Service Retired 


4 
g 1913 1,064 1,020 44 1928 1,141 1,141 
1914 323 323 1929 784 784 
1915 216 1930 1,069 1,058 
6 1916 123 8 1931 1,899 1,899 
6 1917 411——ié«éSAYT Ag 1932 1,292 1,247 
0 1918 50 56 ss 1933 42 42 
166 16 1934 167 167 
0 102 1935 83 83 
0 3799 1936 297 297 
0 1190 34 1937 285 285 
0 1,043 2 55 1938 241 241 
0 1,745 am 26 1939 534 534 
932 1940 452 452 
1442 TOTAL 53,300 50,931 
Retirements by Years 
ear 
Year | Year 
Installed Feet Year Feet Year Feet Year | Installed Feet Year Feet Year Feet Year 
1889 8 1932 | 1901 40 1924 18 1927 10 1931 | 
928 1990 60 1914 41 1915 6 1917 9 1939 


«1922, 90 1923 8 1925} 1902 23 1927 
937 22) «©1928 22 1931 | 1903 10 1932 
«1932, 12) 1934. 14-1938 1905 53 1914 12 
22 1940 | 1906 69 1914 12 
1891 18 1913 74 1914 29 1915 4 1927 7 
19 1917 67 1918 9 1921 | 1907 52 1926 23 
55 


68 95 1926} 1910 5: 1920 11 
133 1927 61 1928 80 1930; 1913 30 1914 14 


100 1931 45 1932 6 1933 1918 3 1936 
16. 1937 57 1938 20 1939 1919 16 1927 
9 1940 1920 19 1937 
932 1892 34 1926 1922 8 1924 7 1925 9 1930 — 
1893 8 1914 32 1923 15 1926 10 1931 
1894 15 1928 7 1932 1923 23 1926 22 1927 10 1932 
7 1895 8 1914 60 1915 8 1920 1924 10 1927 16 1934 
30 1922 3 1926 1927 5 1928 
1896 27 1924 22 1939 1930 11 1939 “a 
1899 16 1928 17 1930 1932 1934 
ired 
3 4-IN. HYDRANT VALVES = 
Year Number Year Number 
65 Installed Installed In Service Retired | Installed Installed In Service Retired 7 
15 1889 8 189 2 
15 0 
0 


1928 
1917, 1926 | 
1931 14 1937 
1929 
0 1892 0 1900 1/ 13 
66 1893 17 24 | 36 27 9 
0 34. | 1902 11 4 
0 1895 14 11 1903 2 2. 0 
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4-IN. HyDRANT VALVEs (contd.) 4 
Year Number Year Number 

Installed Installed In Service Retired | Installed Installed In Service Retired 
1904 10 8 2 1923 3 1 2 
1905 4 0 1924 4 3 
1906 9 | 1925 2 3 
1907 17 5 1926 2 2 0 
1908 0 | 1927 0 
1909 1 0 | 1928 4 4 0 
1910 a 0 1929 , 3 1 
1911 32 1 | 1930 11 10 1 
1912 1931 2 2 0 
1913 i 1932 4 4 0 
1915 1934 0 

3 | 1940 0 0 

1 | 498 321 177 

if 
Retirements by Years 
— Year Num- Num- Num- | Year Num- Num- Num- 

Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 

1889 1 1911 2 1923 1 1926 1900 1 1928 2 1932 1 1936 
1 1927 1 1928 2 1932 | 1901 1 1923 3 1925 1 1928 

1890 1 1916 2 1923 1 1925 ? 1931 1 1932 l 1937 

4 1927 2 1928 12 1930 | 1902 2 1931 1 1932 1 1937 
1891 1 1916 3 1918 2 1924 | 1904 1 1928 1 1930 

1 1927 1 1930 2 1932 | 1906 4 1930 5 1939 — 

5 1934 1 1935 1 1936 | 1907. 2 1931 3 1932 | 

2 1940 1911 1 1928 

1892 1 1906 1 1923 z 1928 | 1912 1 1928 

ig 4 1930 1 1931 | 1916 1 1928 

1893 1 1923 6 1927. 4 1928 | 1917 1 1928 
1 1929 7 1930 1 1931 | 1919 3 1927 
1 1932 1 1937 1 1938 | 1921 1 1929 
1 1940 1922 1 1930 
1894 3 1922 4 1923 1 1924 | 1923 1 1924 1 1931 
1 1925 2 1926 8 1928 | 1924 1 1926 1 1927 1 1932 
1 1930 6 1931 3 1932 1925 1 1928 1 1932 1 1940 
2 1938 3 1939 1927 1 1931 
1895 1 1929 1 1932 1 1933 1929 1 1931 OO 
1896 1 1926 1 1933 | 1930 1 1934 
1899 31928 
6-IN. HypRANT VALVES 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1889 251 248 3 1892 9 3 6 
1890 — 473 445 28 1893 15 12 3 
1891 976 890 86 | 1894 46 42 


] 
] 
1 
1 
1 
1 
1 
1! 
Insti 
18 
1R¢ 
189 
189; 
1893 
1894 
1895 
€ 


37 August 945 DENVER SURVIVAL AND RETIREMENT or 827 
6-IN. HYDRANT VALVES (contd.) 
Year Number Year Number 
ed Installed Installed In Service Retired | Installed Installed In Service Retired 
1895 170 160 1919 30 2 
1896 1920 13 
1898 1922 117 3 
1900 18 1924 175 2 
1901 185 176 1925 98 Pc 
1902 95 95 1926 56 0 
1903 1927 133 0 
1904 44 «44 1928 123 0 
1905 4745 1929 91 0 
1906 109 105 1930 110 0 
1907 97 = 94 1931 189 0 
1908 8 1932 147 3 
1909 7 7 1933 13 0 
1910 1934 21 0 
1911 30 1935 10 0 
1912 3 1936 27 
1913 71 1937 28 
1914 20 1938 29 
= 1915 7 1939 31 
36 1916 13 1940 34 
28 1917 15 
37 1918 6 TOTAL 4,487 
37 
« 
Retirements by Years 
Year Num- Num- Num- Year Num- Num- Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
1889 2 1928 1 1932 1896 1 1933 1 1938 1 1939 
1890 1 1906 1 1915 1 1917 1899 1 1926 8 1928 1 1930. 
2 1923 2 1925 4 1928 | 1 1936 1 1938 
1 1930 4 1931 4 1932 1901 7 1922 1 1927 1 1931 
32 - 1 1934 2 1936 1 1937 1903 1 1937 
10 1 1938 3 1939 1905 1 1914 1 1928 
3 1914 1 1915 1 1917 1906 1 1914 1 1931 1 1934 
1 1918 1 1923 6 1924 1 1937 
6 1925 4 1926 7 1927 1907 1 1926 2 1929 im 
12 1928 1 1929 9 1930 1913 2 1914 a 
¢ 7 1931 2 1932 5 1933 1918 1 1930 1 1936 — 
1 1934 2 1936 7 1937 | 1919 2 1927 
7 1938 2 1939 1 1940! 1920 2 1937 
1 1923 3 1926 2 1933 1921 1 1927 
- 1 1923 1 1926 1 1936 1922 1 1925 1 1930 1 1931. 
ed 2 1928 1 1934 1 1937 1923 1 1926 1 1927 
1 1915 1 1928 3 1931 1924 1 1927 1 1934 
2 1932 1 1935 1 1936| 1925 1. 1931 We 
1 1937 | 1932 3 1934 


% 
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LEAD SERVICES q 
= 
Vie LEAD SERVICES 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1875 1 1890 488 333 155 
1881 iS 1891 783 625 158 
1882 6 1892 876 681 195 
1883 8g 1893 772 617 “155 
1884 1894 276 72 
1885 1895 364 304 
1886 «18 1896 214 53 
1887 1940 0 0 0 
1888 | - - 
1889 12. | 5,121 4,200 on 
Retirements by Years 
Year Num- Num- Year Num-  Num- Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
a 1875 1 1924 1891 4 1919 12 1920 7 1921 
1881 1 1907 1 1925 1 1927 4 1922 9 1923 6 1924 
1 1928 1 1930 4 1925 3 1926 f 1927 
— 1882 1 1905 1 1911 1 1912 1 1928 2 1929 3 1930 
y 1 1929 1 1930 1 1937 o= 6 1931 1 1932 5 1933 
1883 1 1905 2 1913 1 1914 | ce 1 1934 8 1935 2 1936 
+ 1 1915 1 1917 1 1918 3 1937 1 1938 4 1939 
1 1919 1 1940 
7 1884 1 1903 1 1908 1 1911 1892 2 1906 | 1907 8 1908 
: 1 1921 1 1922 2 1923 7 1912 2 1913 3 1914 
re 2 1925 1 1926 — 5 1915 11 1916 2 1917 
1 1905 1 1917 1 1918 | 8 1918 4 1919 9 1920 
: 1 1924 1 1927 1 1930 | 7 4 1921 11 1922 10 1923 
7 1 1931 1 1935 1 1937 | a 3 8 1924 6 1925 5 1926 
(1886 «11909 19101 1914 | 31927 19287 1929 
; 1 1915 2 1916 1 1920 she 7 1930 4 1931 6 1932 
2 1922 4 1924 1 1925 | 4 1934 1935 
1 1935 1 1937 7 1936 5 1937 4 1938 
1888 1 1936 | 4 1939 4 1940 
1889 1 1909 1 1911 1 1917 | 1893 2 1903 2 1906 3 1907 
at 1 1922 1 1925 1 1928 | 4 1908 2 1909 8 1910 
VW 1 1930 1 1932 1 1934 oT 2 1911 4 1912 2 1913 
Z 1935 1 1936 “9x 4 1914 8 1915 y 1916 
1890 1 1902 1 1905 1 1906 os 1 1917 2 1918 4 1919 
: i 5 1908 2 1909 3 1910 prs 4 1920 2 1921 3 1922 
: 7: 6 1911 6 1912 2 1913 oa; 5 1923 7 1924 10 1925 
? 3 1914 4 1915 11 1916 yes, 6 1926 9 1927 3 1928 
: 1 1918 4 1919 4 1920 om 6 1929 9 1930 6 1931 
7 6 1921 7 1922 7 1923 a aey 5 1932 4 1933 2 1934 
- hf 10 1924 4 1925 8 1926 ae. 4 1935 2 1936) «65 1937 
i + 1927 3 1928 8 1929 10 1939 3 1940 
“, —6*16 1930 7 1931 5 1932 1894 3 1904 2 1905 1 1906 
v? 3 1933 2 1934 5 1935 ay 2 1908 2 1909 4 1910 
Z 1936 2 1937 2 1938 | 3 1911 3 1912 2 1913 
1891 1 1907 2 1908 6 1909 | 2 1915 2 1918 1 1919 
OS 9 1910 8 1911 11 1912 1 1920 1 1921 4 1922 
: = 6 1913 2 1914 9 1915 , 4 1923 1 1924 1 1925 
8 1916 5 1917 2 1918 1 1927 3 1928 2 1929 


» 


Inst 
18 
18 
Yea 
Insta 
187 
187 
187 
187: 
187! 
188 
188) 
188. 
188, 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
= 1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 


— 


Num- 


Year 
1931 
1934 
1937 
1903 
1908 


ber 


1917 
1920 
1925 
1928 
1931 
1934 


Number 


1912 


3-1IN. LEAD SERVICES (contd. 


Retirements by Years (contd.) 


= 


5 
Year Num- 
Installed ber Year 
1894 3 1930 
5 1933 
4 1936 
1895 2 1900 
2 1905 
1 1911 
2 1914 
1 1919 
3. 1924 
1 1927 
1 1930 
2 1933 
Year 
Installed Installed 
1875 115 
1876 85 
1877 69 
1878 190 
1879 «348 
1880 £414 
1881 505 
1882 354 
ms 
1884 183 
1885 
1886 
1887 130 
1888 1,139 
1889 1,538 
1890 2,071 
1891 1,363 
1892 1,010 
1893 700 
1894 247 
1895 372 
1896 279 
1897 360 
1898 400 
1899 615 
1900 568 
1901 953 
1902 912 
1903 889 
1904 1,030 
1905 918 
1906 1,085 
1907 1,060 
1908 1,189 


In Service 
106 


1,080 
1,417 
1,848 
1,139 
899 
609 


Num- Year Num- Num - N ‘um 
ber Year | Installed ber Year ber Year ber Year 
2 1932 1895 1 1936 4 1937 2 1938 
2 1935 4 1939 1 1940 
3 1938 1896 3 1907 5 1908 4 1909 
1 1904 1 1910 1911 4 1912 
3 1910 1 1913 2 1914 1. 1915 
1 1913 1 1916 1 1917 1 1918 
3 1918 1 1922 2 1923 2 1924 
2 1925 1 1927 2 1928 
2 1926 ch 3 1920 3 1930 3 1631 
2 1929 1 933 2: - 4 1936 
1 1932 a- 4 1937 1 1938 
3-IN. LEAD SERVICES 
| Year Number 
Retired Installed Installed In Service Retired 
9 1909 1,350 1,324 26 
6 1910 1,121 1,103 18 
5 1911 971 20 
11 1912, 651 643 8 
28 1915 229 229 0 
2 1916 2 1 1 
0) 1917 136 132 4 
22 1918 + « 114 110 4 
21 1919 220 218 2 
28 | 1920 $210 210 0 
: 
121 1923 630 4 
223 1924 ae 953 950 3 
224 1925 «948 0 
111 1926 508 2 
91 1927 397 397 0 
27 103015 nS 0 
0 1931 149 0 
0 1932, 85 85 0 
23 0 
62 1935 50 be 50 0 
60 1936 73 73 0 
29 1937 104 104 0 
53 1940 150 0 
68 
26 TOTAL 33,661 31,922 1,739 


. August 1945 DENVER 879 
= 
= 
i > 
+ 
a 
64 
179 
326 
397 
477 
325 
251 
161 
212 
208 
130 
252 
360 
400 
615 
512 
891 
852 
860 
972 
843 
1,032 
992 
1,163 
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3-IN. LEAD SERVICES (contd.) 
Year Num- Num- Num- Year Num- Num- Num- 7 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year § Inst 
1875 1 1907 2 1913 1 1915 1886 1 1916 1 1919 1 49% 18 
1 1919 2 1925 1 1929 2 1921 1 1922 1 4993 
1 1931 2 1924 2 1925 2 1997 
1876 1 1905 1 1913 1 1924 1 1930 1 1933 1 1936 
1 1926 1 1931 1 1937 1 1938 
1877 1 1909 1 1918 1 1925 1888 2 1919 3 1920 3 4991 
2 1928 5 1922 3 1923 1 1994 
1878 1 1906 1 1909 14. 14912 2 1925 7 1926 3. 4927 
2 1915 1 1923 2 1928 rs 2 1928 1 1929 5 4939 
1 1931 1 1937 1 1939 8 1931 2 1933 1 4935 
1 1905 2 1906 1. 1911 or 1937 2 1938 5 4939 189 
1 1912 1 1915 1 1920 3 1940 
1 1921 1 1923 1 1925 1889 1 1907 1 1915 1. 4047 
1 1928 2 1929 2 1930 12 1920 3 1921 8 192 
3 1931 1 1933 1 1935 14 1923 3 1924 3. 4995 
1 1936 1 1937 2 1926 3 1927 11 4998 189. 
1880 1 1905 2 1906 1 1908 8 1929 9 1930 11 493 
1 1910 1 1912 1 1913 _ 1 1932 3 1933 2 4934 
1 1924 2 1925 1 1927 5 1935 2 1937 8 4938 
1 1928 3 1932 1 1937 «1939 «1940 
1 1938 1890 3 1905 3 1906 2 497 
1881 2 1905 1 1907 1 1908 3 1908 2 1909 3. 4919 
_ 1 1912 2 1913 1 1914 4 1912 5 1913 1 19148 1806 
1 1916 2 1917 1. 1919 2 1915 2 1916 2 1917 
2 1921 1 1922 2 1924 2 1919 4 1920 5 499 
7 2 1925 1 1927 1 1931 16 1922 15 1923 10 192 
“% 4 1932 1 1934 1 1938 14 1925 14 1926 10 1997 
. 1 1939 6 1928 6 1929 15 19308 4900 
1882 1 1906 1 1907 1. 1909 14 1931 10 1932 4 1933 
: 1 1911 1 1912 1 1913 7 1935 8 1936 1. 4937 
y - 1 1915 1 1923 1 1924 1 1938 9 1939 14 1940 
4 1925 2 1926 3 1927 6 1941 
1 1928 5 1 1931 1891 1 1905 3 1906 1. 1907 
1 1935 1 1936 2 1937 2 1908 5 1910 4 4911 
1883 1 1905 1 1913 1 1918 2 1912 2 1914 3 195 
. 1 1919 2 1921 2 1924 2 1916 2 1917 3. 4938 
2 1925 2 1926 2 1927 3 1919 7 1920 13 1921 
Fr 1 1929 1 1930 1. 1931 7 1922 10 1923 10 1924 
9383 15 1925 14 1926 12 19278 1001 
1884 1 1905 3 1906 1 1908 6 1928 7 1929 16 1930 
2 19099 1 1910 1 1916 10 1931 4 1932 11 1938 
3 1917 1 1923 3 1924 3 1934 5 1935 7 1938 
4 1 1925 1 1926 1 1927 | 6 1937 7 1938 15 19308 | 
403011933 «1938 | 5 1940 1941 
1885 1 1906 2 1907 2. 1915 1892 1 1909 1 1913 19S 
1 1918 1 1919 2. 4922 1 1917 1 1919 2 190 
1 1923 1 1924 1 1925] | 7 1921 5 1922 4 19B8 
1 1926 1 1930 2. 1931 6 1924 11 1925 7 19266 1902 
: 1 1932 1 1933 1 1937| | 7 1927 3 1928 3. 1929 
1 1938 1 1939 5 1930 5 1931 5 1932 
1886 1 1905 2 1906 1. 1908 ao 5 1933 2 1934 2 1936 
1 1909 1 1910 1 1911 | © 8 1937 3 1938 10 1939 
2 1912 1 1914 1 1915 3 1940 3 1941 


| 


1 
6 
2 
4 
3 
1 
1 
3 
1 
1 
2 
2 
6 
3 
2 
1 
1 
1 
1 


Year 


1905 
1910 
1919 
1922 
1925 
1928 
1931 
1934 
1937 
1941 
1910 
1923 
1927 
1930 
1936 
1905 
1912 
1922 
1925 
1930 
1935 
1939 
1905 
1920 


1926 
1930 


Wr 


Year 
1907 
1913 
1920 
1923 
1926 
1929 
1932 
1935 
1939 


1914 
1924 
1928 
1931 
1937 
1909 
1919 
1923 
1928 
1932 
1937 
1940 
1906 
1921 
1928 
1931 
1936 
1906 
1910 
1914 
1918 
1924 
1927 
1930 
1933 
1936 
1939 


1906 
1914 
1920 
1923 
1927 
1930 
1933 
1937 
1940 
1908 
1912 
1917 
1924 
1927 
1931 


Om FATA OR 


OOH 


Year 
1909 
1915 


1921 | 


1924 
1927 
1930 
1933 
1936 
1940 


1917 
1926 
1929 
1932 
1939 
1911 
1920 
1924 
1929 
1934 
1938 


1909 
1922 
1929 
1934 
1937 
1908 
1911 
1916 
1922 
1925 
1928 
1931 
1934 
1937 
1940 


1910 
1917 
1921 
1924 
1928 
1931 
1935 
1938 


1910 | 


1914 
1920 
1925 
1928 
1932 
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Retirements by Years (contd.) 


Year 


Installed ber 


1902 


1903 


Mer 


1904 


1906 


1907 


1908 


1909 


Year 
1933 
1936 
1939 
1915 
1923 
1928 
1931 

1934 
1937 
1940 
1908 
1912 
1920 
1923 
1926 
1930 
1933 
1937 
1940 
1910 
1918 
1923 
1926 
1929 
1934 
1937 
1940 
1908 
1919 
1924 
1927 
1930 
1934 
1937 
1940 
1908 
1923 
1926 
1929 
1932 
1935 
1938 
1941 

1920 
1926 
1929 
1932 
1937 
1913 
1924 
1929 
1935 
1939 


ENT 


s-IN. LEAD SERVICEs (contd.) 


Year 
1934 
1937 
1940 
1917 
1924 
1929 
1932 
1935 
1938 
1941 
1910 
1913 
1921 
1924 
1927 
1931 
1935 
1938 


1911 
1919 
1924 
1927 
1930 
1935 
1938 
1941 
1911 
1920 
1925 
1928 
1932 
1935 
1938 


1911 
1924 
1927 
1930 
1933 
1936 
1939 


1923 
1927 
1930 
1935 
1938 
1915 
1927 
1930 
1937 
1940 


f 
Year Num- Vum- um- Num- Num- 
ar Installed ber ber ber ber ber Year 
120 1893 3 1935 
23 5 6 1938 
27 4 2 1941 
1 1 922 
a 2 926 4” 
21 1 2 930 
)24 2 1 933 
27 2 936 f. 
30 939 
135 1 1 
139 1894 1 911 
N17 1 922 
22 3 925 
)25 4 3 929, 
28 1895 3 932 | 
y 1 936 
2 3 939 
)38 1 
1905 1 912 
3 922. 
— 4 925 
014 1 928 
3 933 | 
921 24 t 6 036 | 
924 1930 8 939 
227 1935 3 | | 
930 905 15 | 
933 1909 1 922 
937 913 9 926 
940) 917 2 929 
007 926 1 336 
911 929 2 939 = 
915 932 3 . 
918 935 (2 14 
921 938 1 25 
924 941 2 28 
927 905 3 )31 
930 912 6 134 
933 919 1 37 
936 922 5 40 
939 925 4 
Q29 1 24 : 
915 932 1 28 
920 936 1 31 
923 939 3 1936 
926 1 2 1939 
929 3 1923 
932 1 1928 
936 3 1934 | 
| 


Ang 


1889 


1890 


832 JOURNAL—AMERICAN WATER WORKS ASSOCIATION V ol. 37 
$-IN. LEAD SERVICES (contd.) q 
Retirements by Years (contd.) 
Year Num- Num- Num- | Year Num- Num- Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Vear 
1910 1 1913 1 1921 2 1923 1917 1 1931 1 1935 1 1938 
1 1939 
1918 1 1924 2 1936 1 1939 
1 1933 1 1939 2 1940) 1919 1 1923 1 1925 
1911 1 1912 1 1914 1 1915} 1921 1 1922 1 1926 1 14997 
6 1924 1 1926 2 1928 1 1931 1 1938 
1 1929 2 1930 2 1935 1922 4 1924 1 1928 1 4999 
1 1936 1 1938 1 1939 1 1930 1 1938 3 4939 
1912 1 1920 1 1923 1 1924 1923 1 1924 2 1930 1 1949 
1 1929 1 1930 1 1931 1924 1 1924 1 1938 1 1940) 
1 1940 1 1941 1926 1 1939 1 1940 
i913 11923 1928 19388 q 
1914 1 1935 1929 1 1930 
LEAD SERVICES 
Year Number Year Number 
Installed Installed — In Service Retired | Installed Installed In Service Retired 
1875 14 14 0 1909 841 18 
1876 2 2 0 1910 808 17 
1877 0 1911 695 16 
1878 1 1912 519 4 
1879 1 1913 300 0 
1880 1 1914 236 0 
1881 0 1915 204 5 
1882 0 1916 220 0 
1883 3 1917 189 4 
1884 1 1918 181 4 
1885 0 1919 432 4 
1886 4 1920 501 1 
1887 0 1921 1,439 7 
1888 «64 1922 2,227 31 
1889 1923 2,186 20 
1890 150 1924 2,208 14 
1891 114 1925 2,188 5 
1892 1926 1,498 5 
1893 665 1927 1,281 9 
1894 38 1928 1,105 3 
1895 40 1929 750 2 
1896 35 1930 423 0 
1897 1931 523 7 
1898 0 1932 341 
1899 34 0 1933 179 i 
1900 22 0 1934 209 0 
1901 22 29 1935 409 ? 
1902. 27 14 1936 670 3 
1903 64 11 1937 768 2 
1904 327 11 1938 805 0 
1905 354 (37 1939 1,228 
1906 364 23 1940 1,992 0 
1907 53 22 — 
1908 85 19 | 33,821 


1891 


= 
Pi 
=) > 
|| 
i 
|_| 
re 
fa 
- 
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a i-IN. LEAD SERVICES (contd.) 


Year Num- Num- Num- Year Num- Num- Num- 
ear B installed ber Year ber Year — ber Year | Installed ber Year ber Year ber Year 
18979 1 1930 3 1906 1 1907 2 1908 
398 1 1928 2 1909 3 1911 4 1912 
1883 2 1926 1 1927 mam, 2 1914 2 1916 2 1917 
278 1 1928 2 1920 3 1921 2 1922 
1886 | 1908 1 1910 1 1928 4 «1923 4 1924 2 14925 
9398 5 1907 2 1908 1 1909 1929 § 1930 3 1931 
940 2 2 1932 1 1933 1 1934 
940) 4 1914 2 1915 3 1916 4 1936 2 1937 3 1938 
4 1921 1 1922 4 1923 1 1901 1 1902 1 1903 
4 1924 2 1925 5 1926 2 1904 1 1905 4 1906 
2 1927 1930 2 1931 - 1907 11908 11910 
3 1932 1 1937 1 1938 
49389 1918 1920 3s 1922 
1889 1 1902 1 1903 1 1905 
2 1906 4 1907 7 1908 #1926 «1927 1928 
red 5 19099 3 1910 5 1911 ; 1 1929 2 1930 2 1931 
is 4 1912 2 1913 2 1914 
17 -2 1916 2 1917 1 1920 19385 «1937 «1939 
16 2 1921 1 1922 3 1924 ae 
4 4 1925 4 1926 2 1927 1894 2 1904 1 1906 1 1907 
0 2 1928 2 1929 3 1930 2 1908 1 1909 1. 1911 
0 2 1931 3 1932 1 1933 | 1920 1922 11923 
5 1 1934 3 1935 2 1936 2 
0 2 1938 3 1939 1936 «1937 
4 $1890 1 1901 1 1902 1 1904 1 1938 
4 4 1905 3 1906 7 1907 1895 1 1904 3 1905 1 1908 
4 6 1908 5 1909 4 1910 1910 31914 
§ 2 2 1920 1 1922 3 1924 
7 2 1914 2 1915 2 1916 § 6S 4°07 1 a 
31 4 1917 6 1919 8 1920 
0 2 1921 6 1922 3 1923 3 1934 4 1935 2 1936 
14 6 1924 6 1925 5 1926 1 1939 
5 6 1927 4 1928 6 1929 1896 1 1903 2 1906 2 1907 
5 9 1930 2 1931 6 1932 1 1908 3 1909 1 1910 
9 2 1933 3 1934 2 1935 3 .1092 1° 1 
3 4 1936 2 1937 2 1938 
2 5 1939 3 1940 
7 4 1906 2 1907 9 1908 1 1933 1 1934 1 1935 
1 1 1909 4 1910 2 1911 2 1936 2 1937 
1 1 1912 9 1913 1 1914 1900 1 1921 1 1924 1 1925 
0 3 1915 2 1916 2 1917 3 1926 2 1927 1 1928 
2 1 1918 2 1919 1. 1920 1 1935 
3 5 1922 3 1923 9 1924 1901 2 1922 2 1925 1 1926 
2 3 1925 2 1926 4. 1927 2 1928 1 1929 1 41930 
0 2 1929 7 1930 3. 1931 1 1931 1 1932 1 1933 
1 2 1932 1 1933 1 1934 3 1934 2 1936 3 1937 
0 1 1935 2 1936 3 1937 ee 1 1938 7 1939 1 1940 
— 1 1938 1 1939 1 1940 


= 


Year 


' 
i 


1903 


1904 


1905 


1907 


1909 


Sie 


Installed ber 


Year 
1920 
1924 
1928 
1932 
1907 
1919 
1926 
1910 
1924 
1931 
1915 
1926 
1929 
1932 
1935 
1939 
1911 
1923 
1927 
1930 
1937 
1907 
1914 
1926 
1933 
1936 
1939 
1910 
1924 
1927 
1931 
1939 
1923 
1927 
1930 
1935 
1939 
1916 
1926 
1930 
1936 
1940 
1922 


{-IN. Leap SErvICcEs (contd.) 


Retirements by Years (contd.) 


Year 


1921 
1925 
1929 
1937 
1916 
1922 
1930 
1917 
1926 
1936 
1916 
1927 
1930 
1933 
1936 
1940 
1914 
1924 
1928 
1933 
1938 
1909 
1924 
1927 
1934 
1937 


1919 
1925 
1928 
1932 
1940 
1924 
1928 
1932 
1937 


1923 
1927 
1933 
1937 


1924 
1928 


— KD 


Year 
1922 
1926 
1930 


1918 
1924 
1940 
1923 
1928 


1940 | 


1925 
1928 
1931 
1934 
1938 


1922 
1925 
1929 
1936 
1940 
1913 
1925 
1929 
1935 
1938 


1922 
1926 
1929 
1937 


1925 
1929 
1933 
1938 


1925 
1929 
1935 
1938 


1925 


1929 | 


Year Num- 
Installed ber 


1911 
1912 
1915 
1917 


1918 
1919 


1920 
1921 


Year 
1930 
1939 
1924 
1939 
1924 
1939 
1922 
1938 
1924 
1927 
1938 
1936 
1924 
1930 
1938 
1923 
1926 
1929 
1934 
1939 
1924 
1930 
1936 
1939 
1924 
1930 
1937 
1926 
1940 
1928 
1940 
1930 
1937 
1932 
1933 
1933 
1937 
1936 
1940 
1939 
1936 
1939 
1940 


Num- 
ber 


1 
2 


‘ 
= 


Year 
1936 
1940 
1926 


1925 
1926 


1925 
1934 


1925 
1931 


1924 
1927 
1930 
1935 
1940 
1928 
1934 
1937 


1925 
1932 
1939 
1929 


1932 


1931 
1940 
1937 
1936 
1935 
1938 


1940 
1938 


y 

Inst 

Vea 18 
18 


Year 


Installed 


1888 


1889 


834 JOURNAL—AMERICAN WATER WORKS ASSOCIATION An 
| Num- Num- 
ber 
1 18: 
a 2 1 19 183 
1 188 
a 
1 188 
1 1 188 
1 188! 
1 1 189% 
q 1 4 193 1895 
a 5 1897 
1923 4 1 1898 
2 1901 
1924 3 2 1902 
1925 2 1905 
1 1906 
| 1926 2 mm 1 1907 
1908 
1927 1 4 19 1909 
| 1928 1 1 19 
1929 1 
1931 
1910 1932.1 
19331 
1937 2 
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Year : Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1875 1 0 1910 0 
1877 5 0 1911 ) 
1878 oa 6 0 1912 0 
330 0 1913 
1881 C 0 1914 0 
1882 8 0 1915 0 
1983 0 1916 0 
1884 5 0 1917 0 
1985 18 18 0 1918 0 
1886  B 13 0 1919 0 
1887 8 15 0 1920 1 
1888 15 7 8 1921 0 
1889 98 90 8 1922 0 
1390 170 153 17 1923 0 
1891 94 83 11 1924 1 
1892 79 58 21 1925 0 
1893 69 59 10 1926 0 
1894 24 13 11 1927 0 
1895 31 28 3 1928 0 
1896 28 23 5 1929 0 
1897 3 3 0 1930 0 
1898 31 31 0 1931 0 
1899 65 65 0 1932 0 
1900 55 51 4 1933 0 
1901 106 100 6 1934 0 
1902 47 45 2 1935 0 
1903 67 62 3 1936 0 
1904 32 29 3 1937 0 
1905 35 31 4 1938 0 
1906 53 48 5 1939 0 
1907 51 46 5 1940 0 
1908 71 69 7 
1909 62 62 0 TOTAL 2,164 2,029 135 
» 
Retirements by Years 
Year Num- Num- Num- Year Num- Num- Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
1888 1 1905 2 1906 1 1909 1890 1 1905 1 1906 1 1907 
1 1910 2 1915 1 1923 1 1908 1 1912 1 1914 
1889 1 1910 1 1911 1 1913 — 1 1916 1 1917 1 
1 1921 1 1927 1 1930 
1922 > 5 1940 


1-IN. LEAD SERVICES 


Ant 


836 JOURNAL—AMERICAN WATER WORKS ASSOCIATION Vol.? 


Ai 
q 
= 
Retirements by Years (contd.) } 
Year Num- Num- Num- Year Num- Num- Num- Ins 


_ Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
1918 1 1921 1901 1 1922 1 1928 1 


1894 3 1912 1 
rn 1 1923 1 1926 2 1928 1 1932 1 1939 1 oyp 1 
1 1933 1 1938 1902 1 1928 1 1938 
3 1906 1 1911 2 1914 1903 1 1929 2 1932 1 18 
1 1922 2 1924 3 1926 1 1940 
2 1927 1 1929 1 1935 1904 1 1925 2 1932 
3 1937 1 1938 1 1939 1905 1 1927 1 1928 4 
1893 2 1905 1 1913 2 1920 1 1939 
1 1922 1 1928 1 1929 1906 1 1926 1 1927 1 
2 1940 1 1934 1 1938 
1894 1 1907 1 1911 1 1918 1907 1 1926 1 1930 4 
1 1921 1 1925 1 1928 2 1938 
1 1933 1 1938 2 1939 1908 1 1932 1 1936 
1 1940 1911 1 1922 1 1925 
1895 1 1927 1 1931 1 1933 1913 1 1935 
1896 1 1907 1 1909 1 1920 1920 1 1923 
1 1922 1 1934 1924 1 19290 — 
1 1939 
1}-1n. LEAD SERVICES 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retir 1914 
1887 2 2 0 1926 8 8 0 
1896 1 1 0 1927 15 15 0 
1898 4 0 1928 22 22 
1000 0 1930 4 Installe 
1901 12 12 0 1931 4 — Of 1801 
1902 8 6 2 1932s Of 1892 
1903 19 19 0 1933 OF 1900 
1904 8 7 1 1934 1 a 0 
1905 10 10 0 1935 1 : 1 0 1902 
1906 15 10 5 1936 2 2 Of 1903 
1907 8 5 3 1937 8 8 of 1904 
1908 7 7 0 1938 ee. : 9 Of 1905 
1909 15 15 0 1939 10 10 0 
1910 17 16 1 1940 4 4 0 
1911 6 6 0 — — ~ 
1912 5 5 0 ToraL 312 300 
1914 2 2 0 Year 
1915 : 2 0 Retirements by Years Installed 
1916 3 3 0 1881 
1917 5 5 0 Year Num- Num- Num- 1882 
5 0 Installed ber Year ber Year ber 884 
1920 5 So 0 1902 2 1938 1887 
1921 2 2. 0 1904 1 1911 1892 
1922 8 8 0 1906 1 1926 1 1935 1 19% 1893 
1923 10 10 0 1 1937 1 1938 1894 
1924 10 10 0 | 1907 2 1922 1 1936 1896 
1925 13 13 0 | 1910 4 1919 | 1901 


Volz August 1945 e DENVER SURVIVAL AND RETIREMENT ie 837 
13-IN. LEAD SERVICES 
Year Number | Year Number 
- Installed Installed In Service Retired | Installed Installed — In Service Retired = an 
Yeu 1888 15 15 0 1915 
1889 27 -: 0 1916 
1890 26 26 1917 
1891 21 18 3 1919 
1892 35 34 1920 
1993 24 21 0 1921 2 
94 5 : 1922 
E1807 5 5 1924 
1898 10 0 
"T1899 5 0 1926 2 
250 5 1927 2 
1901 46 0 1928 7 
1902 4 .4 1929 8 
1906 1933 1 
1907 0 1935 | 2 
1908 0 1936 3 
—f 1909 2 1937 6 ; 
1910 3 1938 4 
1911 1 1939 4 
1912 0 1940 2 
1913 
etin 1914 | 480 
0 
Retirements by Years 
0 Year Num- Num- | Year Num- Num- Num- 
0 Installed” ber Year ber Year ber Year Installed ber Year ber Year ber Year 
0 1891 1 1908 1 1911 1 1927 | 1906 1 1927 o 
0 1892 1 1920 1909 2 1930 
0 1900 1 1919 1 1920 1 1927 1910 1 1929 | 1932 1 1934 
0 1 1932 1 1934 | 1911 1 1930 
0 1902 2 1923 1 1926 2 1936 | 1917 1 1933 : 
0f 1903 1 1928 1919 1932 
0 1904 | 1937 1924 1 1940 
0 1905 1 1926 1 1938 ae Pa 
0 
Year Number Year Number 
Installed Installed In Service Retired | Installed Installed In Service Retired 
1881 1 1 0 1902 0 
1882 1 1 0 1903 0 
OE 1884 1 1 0 | 1905 0 
1887 6 6 \ 0 1906 1 
1892 17 16 1 1907 
1894 8 & 1909 
1901 2 1 1 | 1911 
ia 


Year par Number 
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2-IN. LEAD SERVICES (contd.) 


Number 


Year 
Installed Installed — In Service Retired | Installed [Installed In Service Retired 
1912 2 2 0 1926 2 2 0 
1913 5 0 1928 1 0 
1914 1 1 0 1930 1 0 
1917 3 3 0 1931 ae 2 0 
1918 1 ; z 0 1933 1 1 0 
1919 1 1 : 0 1935 1 1 0 
1920 1936 2 2 0 
1921 1 - 1 . “2 1937 . 3 3 0 
1922 2 2 a 1938 3 3 0 
1923 1940 1 1 0 
1925 2 TOTAL 144 134 10 
Year Num- Num- Num- Year Num- Num- ‘Num- 
Installed ber Year ber Year ber Year | Installed ber Year ber Year ber Year 
1892 1 1925 1901 1 1933 
1893 1 1924 | 1906 1. 1917 
1894 1 1911 1 1925 1 1929 1909 1 1928 1 1932 
1 A 1930 | 
3-IN. LEAD SERVICES 
Year Number Year Number 
Installed Installed In Service Retired Installed Installed In Service Retired 
1900 1 0 1 1938 2 2 0 
1901. 2 0 2 1940 1 ie 0 
1 i oO “ 
1 TOTAL 26 22 4 
2 — om Retirements by Years 
1 | ll Year Num- Num- Num- 
= 3 @ | Installed ber Year ber Year ber Year 
5 5 0 1900 1 1928 
2 2 0 1901 1 1932 1 1936 
0 | 1919 1 1932 
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Relative Resistance of Escherichia coli and 
Eberthella typhosa to Chlorine and Chlora- 
ar) mines. WatTTIE & C. T. BUTTER- 
rieLD. Pub. Health Rpts. 59: 52: 1661 
Dec. 29, "44). In course of studies on in- 
fluence of pH and temp. on bactericidal prop- 
erties of chlorine for coliforms and enteric 
—f pathogens, noted that relative resistance, or 
susceptibility, of Esch. coli and Eber. typhosa 
appeared to shift as pH of suspending water 
changed. This phenomenon investigated fur- 
ther by making addnl. observations at other 
vi) hydrogen-ion concns. in zone of apparent 
shift in resistance and by repeating tests with 
other bact. strains. In addn., study repeated, 
using chloramine as disinfecting agent instead 
of free chlorine. Data presented showing 
relative resistance of Eber. typhosa and Esch. 
coli strains to free chlorine and chloramine in 
waters held at 20° to 25°C. and buffered at 
pH 6.5, 7.0, 7.8, 8.5, 9.5 and 10.5. Each 
rp point plotted on charts (Figs. 1-6) represents 
avg. of from 2 to 8 detns. under conditions 
given. Although statistical anal. of results 
not within report, study made of 
—J} differences between individual observations, 
with particular reference to (1) variations in 
resistance of same strains in different tests, 
2) variations in resistance between different 
strains, and (3) routine observational errors. 
Results with free chlorine indicated that (1) 
at pH 6.5 and 7.0 typhosa strains consistently 
more resistant than coli strains, (2) at pH 7.8 
coli strains more resistant with concns. of 
free chlorine in excess of about 0.03 ppm., 
and (3) at pH 8.5 or above all strains of 
Esch. coli tested consistently as resistant, and 
usually more resistant, to free chlorine than 
any Eber. typhosa strains. Consequently, 
while range of probable error does not permit 


scope of 


In the reference to the publication in which the abstracted article appears, 34: 412 
(Mar. '42) indicates volume 34, page 412, issue dated March 1942. 
by the issue, 34: 3: 56 (Mar. ’42) indicates volume 34, number 3, page 56, issue dated March 
Initials following an abstract indicate reproduction, by permission, from periodicals, as 
follows: B.H.—Bulletin of Hygiene (British); C.A.—Chemical 
Health Engineering Abstracts; W.P.R.—Water Pollution Research (British); I.M.—Institute of 
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If the publication is paged 


Abstracts; P.H.E.A.—Public 


definite allocation of pH, between 7.0 and 8.5 
where “‘change-over"’ in sensitivity occurs 
consistency of results at pH 6.5 and 7.0, and 
at pH 8.5 or above, leaves no doubt as to 
existence of ‘change-over.’ ‘“‘Change-over” 
in sensitivity with increasing pH marked by 


condition that Esch. coli required greater 
increases in chlorine concen. than Eber. 
typhosa to produce equiv. kills. Although 


factual information not available to support 
theory, would seem that cells of Eber. typhosa 
might become more sensitive to free chlorine 
with increasing pH, due to some function of 
their capsular substance. . Perhaps capsular 
substance less permeable to chlorine at lower 
pH values. If true, then more heavily en- 
capsulated Eber. typhosa would be more re- 
sistant under such conditions. .When chlo- 
ramine used as bactericidal agent, only slight 
differences observed in sensitivity of 2 genera 
studied. In few instances Esch. coli more 
resistant to chloramine than Eber. typhosa, 
particularly at pH 7.8 and 10.5, but in general 
about equally sensitive. Pronounced differ- 
ence in bactericidal properties of chlorine and 
chloramine should also be noted. At normal 
pH values approx. 40 times more residual 
chlorine as chloramine required to produce 
100°% kill of Esch. coli in same time interval. 
For Eber. typhosa this ratio about 25 to 1. 
On basis of time required to produce 100° 
kill with equiv. amts. of residual chlorine, 
as free chlorine, and as chloramine, results 
not readily obtainable for lower pH zones. 
In this range lethal amts. of free chlorine 
much less than amt. of chloramine required to 
produce 100° kill in anv reasonable period 
(4-6hr.). At pH 9.5, where such comparisons 
possible, chloramine required approx. 100- 
fold period for free chlorine.—Ed. “a 
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The ‘Bacteriological Analysis of Water. 
Taytor. Wtr. & Wtr. 


— (Br.) 47: 396 (Sept. '44). During past 40 yr 


or more bact. methods employed to measure 


poln. and establish purity, while chem. anal. 
has taken on new importance in control of 
chem. treatment of water. Bacteriology can 
help water engr: (1) in opening new source of 
i. supply; (2) in indicating scope and extent of 


F purif. necessary to render water safe to drink; 


_ (3) in making sure that eff. of operation 
- maintd. at each stage of purif.; and (4) in 
establishing safety of finished water. Im- 
_ portance of correct method of collection of 
samples to be emphasized. Analyst entirely 
_ reliant on sampling being carried out properly. 
Most straightforward method of sampling is 
from tap. In rivers, streams, reservoirs, 
cisterns, etc., sometimes difficult to obtain 
representative sample. Bacteriologist has 
_ 3 groups of tests available: (1) total bacteria 
present, (2) examn. for specific disease- 
_ producing bacteria and (3) examn. for bacteria 
indicative of sewage poln. Three types of 
colony count in general use: (1) no. of bacteria 
growing on agar or gelatine media after 3 
days at 22°C.; (2) no. growing on agar after 
24 hr. at 37°C.; and (3) continuation of second 
count for period of 24 hr. Tests for specific 
intestinal organisms producing cholera, ty- 
phoid and para-typhoid fevers not employed 
as routine tests. Above are examples of 
“shutting stable door after steed is stolen 

Necessary to search for bacteria indicative of 
poln. because they are found in excrements of 
man and animals. Three’ main_ bacterial 
types utilized in this way: (1) fecal strepto- 
coccus. Closely related to germs causing 
tonsilitis, scarlet fever, puerperal fever and 
blood poisoning. Growing in favor as critical 
indicator in purif. and anal. of swimming bath 
water. (2) Clostridium welchit causes gas 
gangrene in wounds and is widely situated in 
cultivated soil. Of particular value in examn. 
of well supplies. (3) Coliform group, com- 
prises several species of bacteria closely allied 
to typhoid and dysentery bacteria. Enumer- 
ation of these organisms by far most delicate 
test for purity available. Ministry of Health 
in Rpt. 71 on “Bacteriological Examination 
of Water Supplies," have advocated setting 
up of 5 tubes at each vol., but in case of 
finished waters 100-ml. vol. subdivided into 
one 50-ml. and five 10-ml. portions. After 
inoculation into MacConkey broth, tubes 
incubated at 37°C. and examd. for acid and 
gas after 24 and 48 hr. If pos, reaction ob- 
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tained, necessary to confirm whether due to 
Esch. colt. Older method, known as plating 
test, consists in isolation of organism in pure 
culture and subjecting to series of identifica- 
tion tests, procedure taking any time up to 
4 days; second method depends on fact that 
fecal coli capable of living at 44°C., while 
most other members of group fail to grow at 
this temp. What interpretation is engr. to 
put on these findings? Fecal coli prime 
indication of sewage poln. Non-fecal colj- 
form organisms, in absence of fecal coli, 
can be ignored until final sterilization process 
reached. In underground supplies presence 
of non-fecal types may be of importance, 
Similar conclusions can be applied to results 
of coliform test from mains and consumers’ 
premises. To achieve consistency of results 
by different analysts standardization of 
sampling and technic with close attention to 
detail essential. Rpt. 71 of Ministry of 
Health has gone long way to provide such 
uniform procedure. With regard to scope of 
bact. examn. have more frequent samples but 
less complete anal. each time. Magnitude 
of causes of epidemics has sometimes re- 
mained undetected for some time. Only 
by frequent sampling that such tragedies 
could be detected early and so averted. Full 
anal. should be reserved for new and un- 
charted supplies. For water passing into 
eT coliform test and plate count at 

should be all that is necessary. Aim 
re be to draw samples at least 5 times a 


week.—H. E. Babbitt. 


New Observations on Micro-organism 


Damage in Water Works. LEO MINpeER. 
Schweiz. Ver. Gas-u. Wasserfach. Monats- 
Bull. (Swiss) 23: 146, 182, 213, 241, 260 (’43). 


Review of cases of damage to water systems 
by bact. growth. Leptothrix ochracea can 
completely fill up well water system (Ossin- 
gen) if proper nutritional conditions estab- 
lished. Drainage from fodder silos especially 
suited if it penetrates soil near water source. 
Change in condition of ground water can be 
brought about by infiltration of river water of 
low oxygen content after artificial rise in river 
level. In one case (Wettingen) described, 
subsequent efforts to aerate water led to ex- 
tensive growth of zooglea, forming dense 
slime flocculating all over water system, 
caused by cocci as wellas bacteria. Chlorina- 
tion cured situation reasonably well. Same 
water works later on troubled by increased 
Mn content of water causing pptn. under 
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influence of bacteria. For proper control of 
biol. conditions, hecessary to keep available 
oxygen within limits, only 1 ml./l. water 
added. Water works Aue (Baden) had simi- 
lar set of conditions all at same time: soln. 
of Fe wherever O content zero, mass growth 
of slime formers, together with Mn pptn. 
Definite attack of pipelines frequently caused 
by growth of iron bacteria, Gallionella fer- 
ruginea; it forms rust warts inside piping. 
This attack appears especially if Fe content of 
water low; exact conditions promoting its 
formation not known; however, forms gen- 
erally wherever bare iron not protected by 
pptd. lime-rust layer.—C.A. 


A Practical Study of Lauryl Sulfate Tryp- 
tose Broth for Detection of the Presence of 


Coliform Organisms in Water. Mac H. 
McCrapy. Am. J. Pub. Health. 33: 1199 
(Oct. '43). Author describes study carried 


on by 17 state, provincial, county, city and 
univ. labs. in U.S. and Can. to det. utility 
of lauryl sulfate tryptose broth for detection 
of presence of coliform organisms in water. 
Total of 605 samples from which primary gas 
positives obtained examd. using L.S.T. broth 
as primary and secondary media for compari- 
son with usual lactose broth in Standard 
Methods ‘‘completed test.’’ Of these samples 
526 also subjected to confirmed test procedure 
employing transfer from primary gas positives 
to B.G.B., and 318 examd. further by transfer 
from L.S.T. primary positives to B.G.B. 
It was found that use of L.S.T. broth as 
primary media reduced no. of primary posi- 
tives about 13%. Further found that 77.5% 
of primary L.S.T. positives positive on second- 
ary L.S.T. broth as against 75.1 on secondary 
lactose broth. In view of these figures, evi- 
dent that L.S.T. broth cannot be employed 
as presumptive media without confirmation. 
They also indicate that L.S.T. broth superior 
to lactose broth as culture media for this 
work. In reviewing results taking into con- 
sideration type of water tested, however, 
evident that superiority of L.S.T. broth less 
marked for finished waters than it is for other 
types of waters such as raw, unfinished, 
swimming pool and well and spring water 
samples. More work on this type of sample 
recommended. Further observed that use 
of B.G.B. for confirmation yielded about as 
many positives as did completed test using 
either lactose broth or L.S.T. broth, but that 
transfers from L.S.T. primary broths yielded 
about 3.8% more positives than transfers from 
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Clostridium perfringens as an Indicator of 
the Purity of Water. Ernesto D1 Leo. 
Anales soc. cient. argentina. (Sp.) 136: 68: 
140 (43). Discovery, taxonomy and charac- 
teristics of Clostridium perfringens and various 
methods of identification by culture discussed. 
Tables presented of results of examn. of 
series of waters, including natural surface and 
well waters, city water supplies and sewage in 
various stages of treatment. Counts pre- 
sented of aerobic blood-temp. organisms, 
coliform organisms and Clostridium perfrin- 
gens by methods of Wilson and Blair (J. 
Path. Bact. 24: 111 ('23)) which use medium 
contg. sulfite and litmus milk agar. Wilson- 
Blair method includes step by which vegeta- 
tive phases of all organisms are killed and only 
those spores that grow in anaerobic conditions 
develop. Tests such as formation of PbS 
that show formation of sulfides from sulfite 
are pos. for presence of Clostridium per- 
fringens. This method preferred because 
presence of vegetative and spore forms of 
Clostridium perfringens detd. separately. 
Value of test is in that finding of spores gives 
warning of presence of distant source of 
contamn. that although Esch. coli may be 
absent in one sample it may appear in others. 
—C.A. 


The Bactericidal and Bacteriostatic Action 
of Crystal Violet. C. E. HorrMann & O. 
RAHN. J. Bact. 47: 2: 177 (Feb. 44). Two 
explanations of antiseptic action of dyes on 
bacteria given: (1) they poise medium at 
potential unfavorable for growth, and (2) 
they combine chemically with constituents of 
bact. cell. Evidence given here that both 
actions occur. Above certain concn., crystal 
violet purely and irreversibly bactericidal; 
death-rate varies with concn. (n = 0.86), 
unaffected by size of inoculum, and little 
affected by pH; young cells more susceptible 
than old. In lower concn. initial fall in 
viable count, rate of which is independent of 
dye concn. in this lower range, succeeded by 
multiplication: length of this lag phase varies 
with dye concn., varies inversely with size of 
inoculum, shorter when inoculum consists 
of young cells, and prolonged by raised oxygen 
concn. or increasing pH. [Former type of 
effect shown in expts. with highly susceptible 
organism, Streptococcus lactis, and latter with 
highly resistant one, Esch. coli. Stated in 
text but not evident in any figure, that 
Streptococcus lactis will eventually multiply 
in 1 ppm. of crystal violet, but it does not 
appear to have been shown that any concn. 
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of dye has first type of effect—viz., progres- 
sive and uninterrupted bactericidal action 
ending in extinction—on Esch. coli. |—B.H. 


A Simple Method for Preservation and 
_ Transmission of Samples of Water Required 
for Bacteriological Analysis. W. STEUER. 
Arch. f. Hyg. u. Bakt. (Ger.) 180: 3/4: 138 
(43). Difficulties have arisen over rapid 
_ transmission of samples of water from Eastern 
_ Front. Samples, un-iced and arriving at 
a their destination several days after collection, 
i ~ have little value for assessment of purity. 
- _ Method described by which bacteria in water 
sample maintd. at their initial concn. so 
that examn. can be carried out several days 
after collection. Briefly, procedure consists 
of absorption of water on filter paper and 
storing in air-tight, water-tight cellophane 
-envelopes. For total colony counts filter 
- paper about 10 cm. in diam. taken and one- 
_ quarter cut away. Paper then folded into 
cone and inoculated with 3-1 ml. of sample. 
Cone placed in sterile cellophane envelope and 
opening sealed with adhesive tape. For 
coliform count, larger filter papers and en- 
velopes employed, so that as much as 10, 50 
or even 100 ml. of water sample may be ac- 
commodated. Filter paper first placed in 
envelope, which has small openings at top 
and bottom. Water introduced by syringe 
or pipette through upper hole and allowed to 
flow on filter paper, where bacteria held up 
and excess water passes through and out of 
hole in bottom of envelope. Holes afterwards 
sealed with tape. Envelopes enclosed in 
grease-proof paper and packed in wooden 
box ready for transmission. Details given 
of filter paper and cellophane employed suc- 
cessfully in these operations. At lab. en- 
velopes opened with sterile scissors and filter 
cones examd. One intended for total 
colony count opened out and placed in Petri 
dish and molten nutrient medium poured 
over it and thoroughly mixed. After incuba- 
tion colonies counted in quarter plate not 
obscured by filter paper. Filter cone intended 
for coliform count placed in tube of nutrient 
broth, incubated at 46°C. and then plated 
out on Endo medium. Usually several cones 
examd., each contg. different vol. of water; 
in highly pold. waters coliform count may be 
estd. by direct plating as for total colony 
count. Author investigated several possible 


sources of error liable to arise in this method. 
Contamn. might occur at points of sealing; 
adhesive tape investigated and found free 
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from bacteria. Slight loss of bacteria might 
occur by contact with and in condensation 
water flowing on to cellophane, but this not 
found sufficient to cause any appreciable loss 
of organisms. Actual alteration in nos, of 
bacteria on filter paper considered possibility, 
but shown that very little increase or decrease 
occurred. Some loss by bacteria percolating 
through paper and escaping in filtrate, 
Several expts. undertaken to test eff. of this 
preservation method. No significant change 
in total colony count on gelatine after filter 
cones inoculated and stored for as long as 12 
days at temp. of 12-18°C. Pathogenic in- 
testinal organisms survived on paper for 7 
days and Esch. colifor 30days. Paper sample 
stored in cellophane envelope compared with 
sample collected in usual glass bottle, latter 
being examd. at once; filter paper sample 
results same as bottle results up to 14 days 
after collection of sample. In addn., if 
bottle sample stored for few days at atm. 
temps., increase in counts, while results from 
filter paper samples remained const. at initial 
figures. [If this method found to be satisfac- 
tory it might be useful in tropical countries 
where transport slow and use of ice imprac- 


The Scientific Bases of Bacteriological 


Examination of Water. C.R.BAreR. Gas-u. 
Wasser. (Ger.) 83: 329 ('40). Scientific bases 
of bact. examn. of water discussed. 2 chief 


methods for detg. bact. count are direct micro- 
scopic observation and detn. of number of 
colonies developing on nutrient agar or nu- 
trient gelatin. Limitations and use of latter 
method, period of incubation and results ob- 
tained with agar and gelatin discussed. Be- 
cause of small number of bacteria in water, 
necessary, when using direct microscopic 
examn., to conc. bacteria either by evapn. of 
sample or by pptn. with coagulant. By this 
method no distinction can be made between 
living and dead bacteria. Other methods 
used those in which number of bacteria of 
particular physiological group, such as coli- 
form bacteria, detd. These methods may be 
divided into those in which nutrient medium 
specific for bacteria in question and those in 
which indicator added to medium in which 
several physiological groups will grow but in 
which only bacteria in question will produce 
typical color. Use of Endo medium and of 
Eijkman method as tests for coliform bacteria 
described. In detecting presence of sewage 
and in following course of self-purif. in streams, 
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concn. of suitable org. compd. in medium may 


be varied. With samples of water contg. 
sewage, number of bacteria increases much 
more rapidly on coned. medium than on dil. 
medium. As self-purif. of water proceeds, 
number of bacteria on concd. medium de- 
creases more rapidly than on dil. medium. 
Tests for ammonia-producing, denitrifying, 
and nitrifying bacteria also used to follow 
self-purif. of water. More specific tests in- 
clude those for typhoid bacteria and for 
Serratia marcescens. Metabolism of bacteria 
followed by observing biochem. changes in 
substrate. In modern methods usual to add 
substance to be decomposed to sample of 
water to be tested and, after incubation, to 
det. how much of substrate has been decom- 
posed. In this way more natural conditions 
obtained. This type of method useful for ob- 
serving self-purif. in streams and purif. of 
water in sand filters. Results of chem. anal. 
may be used to indicate bact. condition of 
water. For example, rapid decrease in con- 
tent of D.O. in stream or in ground water 
indication of org. poln. Variations in con- 
tents of ammonia, nitrite, nitrate and carbon 
dioxide may also be indications of bact. ac- 
tivity —W.P.R. 


Research on Surface and Waste Waters by 
Means of the Bismuth Sulfite Medium of Wil- 
son and Blair, in Relation to Typhoid Bacilli 
and Other Salmonellas. N.CERNozUBOY, D. 
Fiipovié & J. Z. Hyg. Infek- 
tionskrank-. (Ger.) 125: 5: 493 (Mar. 23, '44). 
Network of streams and open canals in and 
around Zagreb receives surface water and 
waste water from dwellings and public bldgs. 
Results of attempts to isolate intestinal 
pathogens from many points in these canals 
uring ’39-'40 recorded. Trials made of dif- 
erent methods of using Wilson and Blair’s 
agar, including prelim. enrichment in fluid 
Vilson and Blair medium, sedimentation by 
rious methods and poured-plate technic. 
Best results obtained, however, by surface 
noculation of varying quants., from 0.2 to 
0ml., of water on Wilson and Blair's agar. 
Plates dried with lids partly raised, and, after 
ncubation for 48-72 hr., suspected colonies 
picked to Russell’s triple sugar medium. 
lore than half canals found to be infected. 
4 221 tests, 102 pos. for typhoid bacilli or 
Salmonellas, and isolations of 2 or more species 
{ pathogen frequently made from same sam- 
ple. Typhoid bacilli isolated 114 times (types 

and II being separately recorded), Salmo- 
ella schottmuelleri 12 times, and Salmonella 


845 


newport, Salmonella brandenburg, Salmonella 
typhimurium and Salmonella derby once each. 
5 isolations of new Salmonella type, Bact. 
zagreb, made. Paper illustrated with photos 
of canals and maps showing exact sites of 
sampling. Isolations of typhoid bacilli made 
not only from canals receiving waste from 
hospitals and dwellings of known carriers, but 
also from areas where no carriers known, and 
from main canal at its point of entry into 
River Save 10 km. from Zagreb. Typhoid 
bacilli isolated twice from water involved in 
typhoid outbreaks. Method was to inoculate 
4-ml. quants. on surface of 5 to 10 Wilson and 
Blair plates which were thoroughly dried 
before incubation.—B.H. 


Experiences With the Bismuth Sulfite Me- 
dia of Wilson and Blair in Examinations of 
Feces for Eberthella typhosa and Other Sal- 
monellas. N. D. Fiuieovit, 
M. HERMANN & J. StaveEL. Z. Hyg. Infek- 
tionskrank-. (Ger.) 125: 5: 510 (Mar. 23, ’44). 
Description given of bismuth sulfite medium 
introduced by Wilson and Blair in ’27, of 
modification made by these workers in '31, 
and that suggested by Wilson in '33. Authors 
found these media selective and satisfactory, 
but after many trials they devised their own 
(Zagreb) modification. Formula for this me- 
dium, which does not differ greatly from Wil- 
son’s ’33 formula, as follows: (1) 20% dextrose 
in distd. water. Boil and restore to original 
vol. (2) Brilliant green Griibler in distd. 
water 1%. Shake till dissolved. (3) 20% 
NazH PQ, (puriss. sicc.) in distd. water. Boil 
and restore to original vol. (4) 20% NasSO; 
puriss. sicc.) in distd. water. Boil and restore 
to original vol. (5) 8% FeSO, in distd. wa- 
ter. Donot boil. Add 2N/H:SO,, 0.5 ml. to 
each 100 ml. (6) 12% bismuth ammonium 
citrate (Merck or Griibler). Do not boil. To 
1 1. of sterile melted 3% agar add, in order: 
(1) 50 ml., (2) 5 ml., (3) 50 ml., (4) 100 ml., 
(5S) 10 ml., (6) 50 ml. Mix well and pour 
plates at once. Known that typhoid colonies 
may fail to blacken if crowded, and that some 
strains do not blacken readily, if at all. 
Freshly prepd. plates alk. but, through loss of 
ammonia, pH falls and medium becomes 
green. Growth of pathogens then less satis- 
factory and colonial morphology less distinc- 
tive. Adequate buffering therefore necessary. 
Authors describe 7 colonial types of typhoid 
bacilli, varying in color from black to brown 
and green. They recommend that every type 
of colony which is at all suspicious should be 
picked for further study, irrespective of its 
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color. Direct plating on Endo’s medium gave 
poor results. Relative success of other 
methods can be estd. from following table, 
which gives results of examn. of 2621 fecal 
specimens contg. typhoid bacilli and 384 
specimens contg. other Salmonellas. 


Percentage Positive 
Typhoid Salmonella 
1. Wilson and Blair 


(Zagreb) 81.0 44.5 
2. Tetrathionate  enrich- 

mann) with plating on 

Endo 36.6 75.0 
3. Tetrathionate  enrich- 

ment (Miiller-Kauff- 

mann) with plating on 

Wilson and Blair 65.3 66.0 
4. Combination of 1 and 3 98.3 73.9 
5. Combination of 2 and 3 70.2 94.0 
6. Combination of 1 and 2 88.9 90.0 


Finally, authors tested their own medium in 
parallel with modification of Wilson’s me- 
dium, described by him in ’38, and found that 
latter less selective.—B.H. 


Stream Sanitation. E.B. PHeLps. John 
Wiley & Sons, New York (1944). Book 


definitely not textbook nor is it for the novice. 
In spite of opening simple description of typi- 
cal stream, in first chapter, occasional ele- 
mentary discussions of units and few excellent 
easily understood analogies to illustrate com- 
plex biochem. reactions, author covers much 
highly complex and theoretical ground. Es- 
sentially review of biology and biochemistry as 
they apply to water supply and sanitation 
field. Avg. water works man, usually only 
casual student of these subjects, will have to 
dig deep to get full significance. Except for 
chapter on bact. poln., Stream Sanitation more 
applicable to problems associated with sewage 
disposal than with water supply. Book di- 
vided into 7 chapters, each covering rather 
broad field. First discusses characteristics of 
typical stream and touches briefly upon effects 
of many natural and man-made phenomena 
dealt with more fully in later chapters. Sev- 
eral digressions rather break up continuity of 
development of history of stream. Extended 
discussion of temp. changes and effects in 
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Evaluation of Domestic Water Supplies op 
the Basis of Their Content of Esch. coli, |. 
PATER. Magyar Orvosi Arch. (Hungary) 43. 
337 ('42); Zentr. ges. Hyg. (Ger.) 51: 190 (’43), 
In open wells temporary poln. by large num. 
bers of coliform bacteria may occur; max. limit 
of 5 Esch. coli in 1 ml. of water for water sup. 
plies from such wells considered too strict, 
Recommended that in bact. examn. of domes. 
tic water supplies, besides accepted tests for 
Esch. coli, Daranyi’s test to det. thermal 
death-point should be used to distinguish be. 
tween strains from cold-blooded and warm. 
blooded animals.—W.P.R. 


Comparative Studies Concerning the Utili- 
zation of Ersatz Materials Instead of Meat or 
Meat Extracts for the Preparation of Bac. 
terial Culture Media Used in Water Testing. 
H. BeruGce. Kleine Mitteilunge (Ger.) 18 
184 (’42). Kuszynski’s and Ferner’s peptone 
free std. I and Mayer’s probacit I bouillon 
tested on 99 samples of well, surface and 
drainage water and sewage showed practically 
identical numbers of bacteria on incubation, 
Number of other nutrient media showed poor 
correlation with beef extract.— Willem Rudolfs, 


AND ITS CONTROL 


reservoirs interposed at end of chapter. Chap. 
II covers biochemistry of growth and decay 
and deals with factors involved in continuous 
changes in org. and mineral matter as various 
elements go through their chain cycles, Chap. 
III deals with aerobic decompn., or oxidation. 
Included is review of development of tests for 
biochem. stability, from nitrogen tests of late 
19th century, through relative stability test, 
to universally used B.O.D. test of today 
Author shows similarity in biochem. reactions 
in rivers and in sewage treatment by means ol 
sand filters, trickling filters and activated 
sludge plants. Chap. IV, pertaining to am 
aerobic decompn., deals primarily with diges 
tion as it takes place in Imhoff tanks or diges 
tion tanks, with discussion of benthal decompn. 
and its effects on overlying stream, based 
largely on work of Fair and Moore. In Chap 
V, ‘‘The Oxygen Balance,”’ Prof. Phelps draw 
together into one picture various processes a! 
work which add to or deplete oxygen supply is 
stream. Application of math. formulas t 
predict stream conditions based primarily 00 
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limited in its application by divergent condi- 
tions elsewhere. Chap. VI, on public health 
aspects, one of best chapters in book, deals 
with bact. poln. as distinguished from org. 
poln, ‘Streams that are studied from a gen- 
eral nuisance and oxygen balance point of 
view are so heavily polluted that they would 
never be considered suitable for domestic wa- 
ter supply, while streams fit for water supply 
have no oxygen balance problem.’’ Admit- 
tedly rough approximations show criteria for 
raw water supply to be 500 times as stringent 
as criteria to prevent nuisance. While quant. 
expressions of bact. density, death rate, etc., 
necessarily approx. and based on data not 
applicable to many streams, chapter reviews 
well many factors affecting safety of stream, 
lake or bay for domestic water supply, bathing 
or shellfish. Final chapter on stream micro- 
biology prepd. by James B. Lackey, Sr. Biolo- 
gist, U.S.P.H.S. Contains several tables and 
illustrations and very brief review of types and 
densities of organisms frequently found in 
rivers and lakes, and discusses factors of im- 
portance affecting their presence. Too largea 
field to be covered in few pages. Environ- 
mental conditions vary widely within same 
stream and from one stream to another, with 
equally varied effects on plant and animal life. 
In general stream pop. dependent on amt. of 
food materials, temp., speed of current, amount 
of erosive material carried, age of water, con- 
tributed toxic substances and contributed 
oxygen-consuming substances. Author points 
out that one of difficulties in detg. effect of 
poln. on microscopic life in rivers is scarcity of 
virgin uncontamd. streams to show natural 
growth without poln. In this respect problem 
akin to increasing difficulty in hydrol. studies 
to find stream flow data not affected by con- 
trol works of some kind. Author covers many 
controversial subjects and not all will agree 
with his conclusions nor have too much faith 
in some attempts to show stream conditions 
by math. formulations. He indicates fre- 
quently how diverse are conditions in rivers 
and impossibility of transposing data. Prin- 
cipal difficulty in stream poln. work is lack 
of adequate data and extensive surveys re- 
quired to obtain them. Ohio R. studies, of 
course, outstanding, but except for these and 
much more limited investigations on Potomac 
R., New York Harbor and few others, very 
few data available. Prof. Phelps champions 
cause of cleaner rivers, bays and bathing 
beaches, and, in reviewing trend of conflicting 
uses states “‘with considerable assurance,” in 
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effect, that trend distinctly in direction of 
conservation of water resources for recrea- 
tional uses. Trend also in direction of cleanli- 
ness and decency, for themselves, as against | ad 
formerly abused privilege of sewage disposal a 
by so-called ‘‘diln. process." Max.utilization 
of all stream assets essentially conservation to 
old-fashioned end of greatest good to greatest 
number. In field of sewage and waste disposal — 

we utilize assets of oxygen balance and natural 
powers of stream to dissolve oxygen from air 
and, with aid of bact. and other life of streams, — 

to oxidize and eventually dispose of org. poln.— 
No more economic process of disposal. So 


economical is it in fact that this virtue has 
been its undoing. By overloading, we have © 
too often broken down and rendered useless — 

those very properties of stream upon which its 
power to dispose of org. wastes 


Author’s hope that in developing future sew- 
age disposal works more consideration will be 
given to abilities and limitations of receiving 
stream, and to use to which water might be 
put in better and more pleasant community.— 
R. Hazen. 

Permissible Pollution of Streams. GORDON _ 
C. Lamiaw. Can. Engr.—Wtr. & Sew. 
82: 6: 21 (June '44). General discussion of 
poln. and natural purif. Pathogenic bacteria _ 
rapidly disappear from clean oxygenated wa- 
ter and chief problem, therefore, prevention of 
excessive org. matter contents and maint. of 7 
sufficient D.O. to oxidize org. matter. Evi- 
dence that oxidation of org. matter in water by 
bacteria occurs at appreciable rates only when | 
conditions such that bacteria multiplying ' 
rapidly. Plankton, by utilizing bacteria as 
food, keep bact. pop. below possible max. 7 
concn. and thus permit active bact. multipli- 
cation to proceed. Anaerobic digestion oc- _ 
curs in sludge deposits but products requireO _ ; 
for stabilization and evidence indicates that _ 
such anaerobic digestion does not reduce total — 
O demand of stream. Main sourcesof Oare 
diln. water, atm., and photosynthesis. Tem- 
porary in¢rease in bact. pop. on diln. with 
oxygenated water results in increased rate of 
oxidation. Insufficient O may result in longer 
survival of pathogenic bacteria, tastes and 
odors, and death of fresh water life, including 
fish. Antiseptic substances which inhibit 
fresh water organisms interfere with oxidation 
of poln. In Great Britain, streams of same — 
general type and std. for sewage effluents such 
as that of pe Com. on Sewage and Sewage 
Disposal ( on maint. of 
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B.O.D. no greater than 4 ppm. immediately Sanitary Authority stds. quoted as example g 
below point of poln., covers all conditions this practice. Other authorities treat each 
fairly well. On this continent, conditions 

vary widely and usual practice is to classify 

; streams or sections of stream according to bination of these methods of attack probably 
local or downstream uses. Oregon State answer to problem.—R. E. Thompson. 


— War Production Board—Office of War Utilities 


source of poln. as separate problem. Com. 


Administrative Letter to All Utilities—July 25, 1945 


REVISED PRIORITIES SYSTEM 


This letter is to call your attention to Priorities Regulation 29, issued by 
the War Production Board on June 30, 1945. This regulation describes the 
transition from the present priorities system of AA preference ratings and allot- 
ment symbols to one consisting of only two preference ratings: (1) the present 
AAA rating and (2) an MM rating reserved for military procurement. 

On Jan. 1, 1946, the preference ratings and allotment symbols assigned by 
utility orders for maintenance, repair and operating supplies and those specifi- 
cally assigned for major construction on Form WPB-2774 will become invalid 


along with all other AA preference ratings and allotments issued by the War 
Production Board. Up to that time the AA rating system will remain in effect 
but only in so far as deliveries to be made in 1945 are concerned. After October 
1 all outstanding AA ratings become invalid on orders calling for delivery in 
1946; however, up to that time, such ratings may be used to obtain a place on 
1946 delivery schedules for products which require long production cycles. 
Under the recent amendments of the utility orders it has been possible for 
utilities to undertake expansions of facilities, except for the construction of 
buildings, without specific authority from the Office of War Utilities. Some 
difficulties are being encountered, however, in obtaining material and equipment 
to carry out much of this desirable construction without preference rating and 


allotment assistance. The steps announced in Priorities Regulation 29 will soon 
abolish the advantages of preference ratings and allotment symbols, particularly 
on longer lead-time items and will thus permit utilities to profit more fully from 
the relaxations in the controls of construction which OWU adopted in the early 


Very truly yours, ii 
(signed) Epwarp FALck 


Director 


part of June. 


Office of War Utilities 
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